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Abstract
Background

There is still an ongoing battle against the Permissive Hypotension (PH) through Conventional Resuscitation Strategies (CR). Active fluid resuscitation in
patients with traumatic shock can bring many problems, as it is known that standard high-volume resuscitation can exacerbate the lethal triad of acidemia,
hypothermia, and coagulopathy. As a part of damage control resuscitation strategy, it can reduce mortality and shorten hospital stay, compared with the use
of standard liquids. Moreover, its application is gradually receiving wider attention (1) . This review evaluated the effectiveness and safety of permissive
hypotension resuscitation in adult patients with traumatic hemorrhagic shock.

Methods

The systematic review and meta-analysis were conducted according to PRISMA guidelines. We searched PubMed, EMBASE and Cochrane databases for
randomized controlled trials (RCTs) from the beginning to March 2021 to compare the therapeutic effects of controlled fluid resuscitation and conventional
fluid resuscitation on patients with traumatic hemorrhagic shock. Two reviewers independently conducted screening, data extraction and bias assessment.
Data analysis was performed using Cochrane Collaboration Software Revman 5.2. The primary outcome was 30-day or in-hospital mortality. Secondary
outcomes included blood routine index, coagulation function, resuscitation fluid use, complications, and length of hospital stay. Pooling was performed with
a random-effects model.

Results

8 randomized controlled trials were screened out of 898 studies and 1593 patients were evaluated. The target blood pressure of the intervention group
ranged from 50-90 mmHg in systolic pressure or mean arterial pressure = 50 mmHg, while that of the control group was 65-110 mmHg systolic pressure or
mean arterial pressure = 60 mmHg. Only patients with penetrating injuries were evaluated in two studies, while the remaining six included blunt injuries. A
statistically significant reduction in mortality was observed in the intervention group (RR = 0.70; 95%Cl= 0.58-0.84; P < 0.05). Small heterogeneity was
observed in the included articles (x2 = 8.9; P = 0.18; 12 = 33%). The loss of platelet (PLT), hemoglobin (Hb) and body fluid was properly protected, the amount
of resuscitation fluid was reduced, and the incidence of some adverse events was effectively reduced. There was no significant difference in coagulation
time and hospital stay between the two groups.

Conclusions

This meta-analysis reveals the survival benefits of hypotension resuscitation in patients with traumatic hemorrhagic shock. The significant advantage is to
promote the recovery of patients' physical function and reduce the incidence of treatment-related complications such as acute respiratory distress syndrome
(ARDS), acute kidney injury (AKI) and multiple organ dysfunction syndrome (MODS), which reduces the mortality. Convincing evidences are provided based
on these results, but larger, multicenter, randomized trials are needed to confirm the findings.

Introduction

The concept of permissive hypotension was first proposed by Cannon and his colleagues in the report in 1918(2) . "Injection of a fluid that will increase
blood pressure has angers in itself." He pointed out that before achieving definite hemostasis, the application of crystalloid fluid should be limited to keep
blood pressure below the normal threshold. Later, Beecher put forward a similar idea in recalling the experience of rescuing the wounded solider in World
War I, "elevation of his systemic blood pressure to about 85 mm Hg is all that is, necessary. And when promote internal bleeding is occurring, it is wasteful
of time and blood to attempt to get the patient's blood pressure up to normal." (3).

At present, balanced resuscitation has served as an important principle of resuscitation strategy for trauma patients. A growing number of clinicians began
to realize that active lens resuscitation can lead to serious clinical complications and hazards, and large amount of fluid resuscitation should be avoided(4-
6) . In the early care of trauma patients, the results will be significantly improved if permissive hypotension is used in the process of resuscitation treatment
(7) . Permissive hypotension below normal mean arterial pressure and resuscitation goals are beneficial for survival, which has been confirmed in a number
of animal studies (8-11) . In 1994, Bickell and his colleagues conducted a landmark study to evaluate and confirm their hypothesis that if fluid is limited to
the final hemostasis, hypotension patients with trunk penetrating injury will prove to have survival benefits, which is the first time in history to demonstrate
the potential value of delayed resuscitation in humans (12, 13) . Since then, randomized controlled trials on hypotension resuscitation have been carried out,
which needs to be updated and analyzed further.

Therefore, the purpose of this review is to identify randomized controlled trials comparing permissive hypotension with conventional resuscitation strategies
in adult trauma patients with hemorrhagic injury. The primary outcome was in-hospital or 30-day mortality. Secondary outcomes included blood routine,
coagulation function, resuscitation fluid use, complications, and length of hospital stay.

Methods

This systematic review and meta-analysis adhere to the reporting guidelines of the Preferred Reporting Items for Systematic reviews and Meta-analyses
(PRISMA) statement(14).

Study Eligibility Criteria:

Page 2/15



Population: We included studies evaluating adult patients with penetrating or blunt trauma and suspected bleeding, and excluded studies on patients with
traumatic brain injury, studies on pregnant or underage patients, studies with insufficient mortality data, and studies without ethical approval.

Intervention: Permissive hypotension is considered in the intervention group. Compared with the control group, the intervention group was fluid limited.
Permissive hypotension is defined as limited fluid resuscitation to maintain adequate organ perfusion. Systolic blood pressure is about 50-90 mmHg or
mean arterial pressure is about 50 mmHg. There are no restrictions on specific blood pressure targets, type or amount of fluid administration.

Control: Conventional resuscitation strategy is considered in the control group, which was defined as free fluid resuscitation. Systolic blood pressure was 65-
110 mmHg or mean arterial pressure = 60 mmHg (normal blood pressure). There are no restrictions on specific blood pressure targets, type or amount of
fluid administration.

Outcome: The primary outcome was in-hospital or 30-day mortality. Secondary outcomes included blood routine, coagulation function, resuscitation fluid
use, complications, and length of hospital stay.

Study Design: Eligible randomized controlled trials and quasi randomized trials will be included in the study.
Search Strategy

We searched PubMed, EMBASE and Cochrane databases for articles published before February 25, 2021. The strategy was designed under the guidance of
adjudicating senior authors Shuguang Zhu and Zhuangrong Huang. In addition, the additional search was carried out for relevant literature and review
articles. And we searched references of identified studies closely related to research topics. The medical subject headings (MeSHSs) used in our searches
included “permissive hypotension”il“Wounds and Injuries” and “Shock, Hemorrhagic”, without language restriction.

Data Collection

Two authors (Yang Zhang and Yaping Ding) independently examined each article found in the search process, scanned the full text of relevant articles,
applied inclusion and exclusion criteria, and extracted and recorded data. Differences related to any aspect of the data extraction process are resolved
through discussion with a third reviewer, and the final decision is made by consensus.

Quality Assessment

The quality of included studies was evaluated using the Cochrane Risk of Bias Tool for randomized controlled studies (15).Disagreements were settled by a
third-party reviewer (Liang). Quality metrics assessed include sequence generation, allocation concealment, adequacy of blinding, completeness of outcome
data and outcome reporting.

Data Synthesis

All statistical analyses were performed using Review Manager 5.2 software from the Cochrane Collaboration (London, United Kingdom). We extracted the
proportions and 95% confidence intervals from each study and pooled them using the random effects model. Statistical heterogeneity and inconsistency
were measured by using the Cochran Q test and I2, respectively(16). Odds ratios (OR) with 95% confidence intervals (CI) were calculated as summary
statistics. The pooled OR was calculated with the Mantel-Haenszel method. Weighted mean differences and 95% Cls were computed for continuous
variables, again using a fixed-effect method in cases of low statistical inconsistency (12 < 50%) and using a random-effect method in cases of moderate or
high statistical inconsistency (12 > 50%) (17). Results were considered statistically significant at P< 0.05.

Results
Search results and study characteristics

We selected 898 articles from the search and finally included 8 randomized controlled trials into the analysis (Fig. 1)(12, 18-24) . We didn't come across any
quasi-randomized trials. The characteristics of the included studies are described in Table 1. Five studies were conducted in North American civilians who
visited major trauma centers, while the other three were conducted in China. Two studies only evaluated patients with penetrating injuries, while the
remaining six included penetrating injuries combined with blunt injuries. Two studies only studied preoperative resuscitation, two studies only studied
intraoperative resuscitation, and three trials studied patients in two periods. In addition, one trial did not mention surgery related resuscitation strategies. All
but one study excluded patients with suspected traumatic brain injury.

Assessment of Reporting Bias

The methodological quality of RCTs was assessed by the Cochrane risk-of-bias tool, which consists of six factors: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data and selective reporting (Fig. 2).

Primary Outcome

The main outcome data of mortality are shown in Table 2. Two studies showed 30-day mortality (18, 21) , while five studies showed in-hospital mortality
(12,19, 20, 22, 23) . One study did not describe mortality(24). The heterogeneity test revealed that there was little heterogeneity between the two groups (x 2
=8.9; P = 0.18; 12 = 33%). In these trials, the mortality rates in the PH and CR groups accounted for 133 (18.2%) of 731 and 197 (26.4%) of 745, respectively.
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The results showed that limited fluid resuscitation could reduce the mortality of patients with hemorrhagic shock (RR = 0.70; 95% Cl = 0.58-0.84; P < 0.05)
(Fig. 3).

Secondary Outcomes
Blood routine index (PLT and Hb)

As shown in Figure 4, three trials (12, 21, 23) compared the platelet values of PH group or CR group. According to the heterogeneity test, a high degree of
heterogeneity was exhibited between studies (x2 =131.35; P < 0.00007; IZ = 98%). Thus sensitivity analysis was conducted to eliminate the heterogeneity.
After removing Bickell's data, the two experiments included data of 240 patients (x2 =0.13; P=0.72; 12 = 0%). It is indicated that the platelet value in pH group
was higher than that in CR group (MD = 9.98; 95%CI=8.03-11.93; P < 0.00001). Three trials (12, 20, 23) , involving 922 patients, investigated the hemoglobin
values of patients with hemorrhagic shock after treatment in PH group or CR group, revealing high heterogeneity between studies (x2 =12.44; P=0.002; I? =
84%). The overall effect showed that the hemoglobin value of PH group was higher than that of CR group (MD = 16.74; 95%CI=10.81-22.68; P < 0.00001).

Blood coagulation function (PT, APTT)

As shown in Figure 5, four trials(12, 20, 21, 23) , including 1001 patients, compared the changes of prothrombin time (PT), while three trials (12, 21, 23) ,
including 842 patients, compared the changes of activated partial thromboplastin time (APTT) between PH group and CR group. Heterogeneity test showed
that the comparison results of PT (x2 =201.75; P < 0.000071; I = 99%) and APTT (x2 =34.80; P < 0.00001; 12 = 94%) were highly heterogeneous. The overall
effect showed that there was no significant difference in PT and APTT time between PH group and CR group after hemorrhagic shock resuscitation (MD =
-2.00; 95%Cl=-4.83 10 0.84; P =0.17).

Fluid balance and transfusion requirements

As shown in Figure 6, the overall fluid resuscitation and blood transfusion of PH group and CR group were analyzed by subgroup. Heterogeneity test showed
that packed red blood cell (PRBC), prehospital crystal, emergency department crystal volume and total inputs were highly heterogeneous, while intra
operative crystal (x2 =0.07; P=0.79; 12 = 0%) and estimated blood loss (x2 =0.51; P=0.48; 12 = 0%) had no heterogeneity. It is indicated by the overall effect
that the total amount of fluid resuscitation in PH group was lower than that in CR group (MD =-564.21; 95%Cl|=-833.66 to -244.77; P < 0.001), and the
estimated blood loss in PH group was less than that in CR group (MD =-721.53; 95%Cl=-1326.19 to -116.87; P < 0.05). There was no significant difference in
the amount of blood transfusion between the two groups (MD = -144.13; 95%Cl=-820.53 to 532.27; P =0.68).

Complications

The included studies described a series of complications, including AKI, anemia, infection, thrombocytopenia, ARDS, differentiated intravascular
coagulation (DIC), MODS, etc. As shown in Fig.7, three trials (12, 18, 22) compared the incidence of AKI between PH group and CR group. Heterogeneity test
showed high heterogeneity (x2 =17.08; P =0.0002; |2 = 88%) among the studiesli which was attempted to be eliminated through sensitivity analysis. After
removing the data of Schreiber, two experiments (12, 18) compared the data of 41 patients (x2 =0.02; P =0.90; 12 = 0%). The incidence of AKl accounted for
13/364 (3.6%) in PH group and 28/375 (37.5%) in CR group. The results showed that limited fluid resuscitation could reduce the incidence of AKI in patients
with hemorrhagic shock (RR = 0.43; 95%Cl= 0.24-0.79; P < 0.05).

The comparison between ARDS and MODS showed similar results. Four trials (12, 19, 20, 24) involving 1034 patients compared the incidence of ARDS
between PH group and CR group. No heterogeneity was shown in the heterogeneity test (x2 =0.12; P =0.99; 12 = 0%). The incidence of ARDS in PH group and
CR group was 24/507 (4.7%) and 58/527 (11.0%) respectively, and the incidence of ARDS was higher (RR = 0.42; 95%Cl= 0.27-0.65; P < 0.05) during
conventional fluid resuscitation. Four trials compared the incidence of MODS between PH group and CR group. Heterogeneity test showed that there was
high heterogeneity between the studies (x2 =6.48; P =0.09; I2 = 54%). After removing Bickell's data, three trials (19, 20, 23) compared the data of 434 patients
(x2=0.22; P =0.89; 1> = 0%). The incidence of MODS was 17/217 (7.8%) in PH group and 44/217 (20.3%) in CR group. The results showed that the risk of
MODS during conventional fluid resuscitation was also higher than that during limited fluid resuscitation (RR = 0.40; 95%Cl= 0.24-0.66; P < 0.05).

Days of ICU or hospital

As shown in Figure 8, two trials (12, 22) involving 651 patients compared days of hospital showed less heterogeneity (x2 =1.32; P =0.25; 12 = 24%). With 651
patients included, two trials (12, 22) compared days of intensive care unit (ICU). No heterogeneity was exhibited in the test (x2 =0.66; P =0.42; 12 = 0%).
Based on the overall effect, it is shown that there was no significant difference in hospital stay and ICU treatment time between pH group and CR group
during hemorrhagic shock resuscitation (MD =-0.65; 95%Cl=-2.14 to 0.84; P =0.39).

Discussion

Hemorrhagic shock poses life-threatening risks for trauma patients. In the history of trauma resuscitation treatment, crystal always serves as the standard
of fluid resuscitation. The traditional shock resuscitation method, that is, early active fluid resuscitation, aims to quickly restore effective blood volume and
ensure effective perfusion of organs and tissues. However, the infusion of large cold liquid will lead to dilution coagulopathy (loss of coagulation factor in
blood or replacement of dilution by fluid without coagulation factor) and hypothermic coagulopathy (hypothermia leads to inhibition of enzyme activity
related to platelet and coagulation factor function). At this time, increasing blood flow, perfusion and blood viscosity may contribute to the rupture of blood
vessel wall thrombosis, which leads to hypothermia, acidemia and coagulopathy. It will eventually aggravate bleeding and further endangers life. Based on
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this theory, reflections have been given to the significance of limited rehydration. Nowadays, the modern management of these patients witnessed a shift
from restoring perfusion to maintaining hemostatic capacity. Restrictive fluid resuscitation stands as another option for resuscitation treatment, that is,
keeping blood pressure low enough to avoid blood loss and rupture of blood clot, and minimizing the sequelae of hemorrhagic shock, which always
maintains the perfusion of final organs (25-27).

Determined by hospitalization or 30-day mortality, this meta-analysis demonstrates that tolerable hypotension brings greater benefits for survival than
conventional resuscitation. This conclusion is consistent with the fact that limited fluid resuscitation can improve the survival rate of patients with active
hemorrhagic shock in a large number of animal experiments. These studies consistently showed that the blood loss decreased and survival time under
blood loss control prolonged in animals resuscitated to normal or near normal MAP or cardiac index (8, 10, 28) . However, in terms of human beings,
accurate data are deficient to guide the best mean arterial pressure management during the period of permissive hypotension. At present, the practices
derived from this concept are more reflected in the operation. The major purpose is to reduce the bleeding in the operation field, create a good vision and
reduce the loss of body fluid. In spite of the reduction of blood loss and controlled hypotension beneficial in some cases, it is generally recommended that
systolic blood pressure be 80-90 mmHg or MAP be about 50 mmHg (29-31) for patients without contraindications to antihypertensive therapy. In this study,
the blood pressure target of intervention group ranged from systolic blood pressure 50-90 mmHg or mean arterial pressure = 50 mmHg.

The summary of the secondary results shows that the permissive hypotension resuscitation strategy is more effective in preventing the further decline of Hb
and PLT indexes, thus improving the tissue oxygen delivery. It also boasts advantages in the balancing fluid resuscitation and reducing the amount of fluid,
and appropriately preventing the body fluid loss. Studies showed that before effective control of active bleeding, a large number of fluid resuscitation can be
observed that mitochondrial function is seriously damaged, and tissue oxygen supply is reduced, leading to acidosis (11) . The analysis results suggest that
the decline of Hb and PLT and the degree of fluid loss are less affected under the permissive hypotension strategy, which can improve the perfusion and
oxygen supply of organs and tissues during shock. It is found that permissive hypotension reduced the total amount of resuscitation fluid and is of
potential significance with respect to resource utilization. At the same time, it comes to our notice that there was no significant difference in the changes of
coagulation indexes and the probability of coagulation related problems between the two groups. Previous studies found that active fluid infusion is
associated with dilutive coagulation (32) , thus theoretically fluid should also be minimized to resolve these concerns.

The complication occurrence during resuscitation of adult traumatic hemorrhagic shock is also an important factor affecting the patient survival. According
to the results of meta-analysis, permissive antihypertensive strategy can reduce the incidence of complications, including AKI, ARDS and MODS, which may
bring about higher survival rate of pH group than CR group. Common resuscitation fluids, such as large amounts of normal saline and lactate Ringer's
solution, were revealed to cause various forms of acidosis. Saline can lead to hyperpigmentation metabolic acidosis, which generated decreased cardiac
contractility, lowered down renal perfusion and decreased ionic response. Aggressive fluid resuscitation is associated with AKI (33-35) . In contrast, it is in
agreement with the research results of cotton et al that hypovolemic fluid resuscitation can effectively eliminate inflammatory factors, improve immune
function, maintain the stability of blood components, and reduce the incidence of ARDS and MODS (36-40) . We did not find any consistent difference in the
incidence of complications including anemia, infection, thrombocytopenia and DIC between the two groups.

Traumatic brain injury (TBI) is common in trauma population, accounting for about half of all trauma deaths (41) . A large number of literatures pointed out
that hypotension resuscitation is controversial in patients with suspected TBI. The most fatal problem of permissive hypotension is that the decrease of
cerebral perfusion and oxygenation will aggravate the secondary brain injury and increase the mortality. In addition to its advantages, the active fluid
resuscitation has potential harms as well, particularly for cerebral perfusion. Higher crystalloid infusion to maintain blood pressure results in increased fluid
extravasation, microvascular damage, brain edema, and increased intracranial pressure, thereby offsetting any benefit from increased arterial blood
pressure (27, 42).For the patients with hemorrhagic shock complicated with craniocerebral injury, we should focus on whether there is a threshold to
maintain proper cerebral perfusion and give full play to the advantages of hypotension resuscitation. A retrospective study of more than 15000 patients
with moderate and severe traumatic brain injury showed that the hypotension threshold of traumatic brain injury should be defined as SBP <110
mmHg(43).

Strengths and Limitations

Only randomized studies were included in this review, which represents the highest quality of available evidence. By collecting the latest evidence and
combining with the previous meta-analysis of this study, this review provides a strong theoretical basis for the survival benefits of hypotension resuscitation
strategy(13, 44-46).However, we have to consider some limitations in the comprehensive analysis of these review results. Firstly, the quality of the included
randomized trials was uneven due to the lack of systematic bias associated with blinding. Secondly, in addition to Bickell's articles, the scale of included
studies is generally small, and there are some heterogeneities in research methods. Such results tend to report a larger range of effects, thus it is urgent to
carry out large-scale, multicenter, randomized controlled trials to confirm the conclusions. Most of the studies focused on penetrating injury combined with
blunt injury. Whether the conclusions drawn from this meta-analysis are applicable to trauma patients caused by other injury mechanisms is still
questionable. In addition, in terms of the arterial pressure, with four studies related to arterial pressure and other studies related to systolic blood pressure, a
unified data reference was not provided for the evaluation of allowable hypotension threshold. It is noteworthy that this study failed to collect enough data
to analyze the duration of permissive hypotension in order to avoid the occurrence of adverse events. The specific implementation plan of permissive
hypotension resuscitation needs to be further explored.

Conclusion

Based on a comprehensive analysis of eight randomized controlled trials, this systematic review compares the overall survival benefits of permissive
hypotension resuscitation and conventional resuscitation strategies for adult patients with traumatic hemorrhagic shock. The current research results show
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that permissive hypotension resuscitation strategy serves as a better option, as it can reduce the mortality of shock patients, promote the recovery of
physical function and reduce the incidence of adverse events, such as AKI, ARDS and MODS. However, there are complex questions to be answered, such as
the role of lens in hemostasis and resuscitation, coagulation disorders and treatment caused by trauma, duration of permissible hypotension and specific
implementation plan. All of those need further high-quality and dynamic experiments to clarify.
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Study
Bickell
1994

Carrick

2016

Dutton
2002

Gu
2020

Lu
2018

Morrison
2011

Schreiber

2015

Yu
2018

Country  Population
USA Civilian
USA Civilian
USA Civilian
China Civilian
China Civilian
USA Civilian
USA Civilian
and

Canada

China Civilian

Study design

Single-
center,prospective,
CcT

Multi-center,RCT

Single-
center,prospective,
CcT

Single-
center,prospective
CcT

Single-
center,prospective
RCT

Single-

center,prospective,two-
arm,intention totreat,

RCT

Multi-
center,prospective
CT

RCT

598

168

110

160

164

90

191

112

Participants

Gunshot or
stab
wounds to
the torso
who had
SBP<90
mmHg

Penetrating
trauma
patients
with SBP <
90 mmHg
who were
brought
emergently
to OR for
bleeding
control

Traumatic
hemorrhagic
shock with
SBP <90
mmHg and
evidence of
ongoing
bleeding

Traumatic
hemorrhagic
shock

Severe
multiple
hemorrhagic
shock with
MAP<
65mmHg or
SBP < 40
mmHg,who
have
undergone
hemostatic
treatment
one or two
hours after
admission

Patients
undergoing
laparotomy
or
thoracotomy
for blunt
and
penetrating
trauma who
had SBP <
90mmHg

Blunt or
penetrating
trauma
patients
with SBP
<90mmHg

Patients
diagnosed
with
uncontrolled
hemorrhagic
shock

Mechanism

Penetrating
Torso

Penetrating

Blunt and
Penetrating

Blunt and
Penetrating

Blunt and
Penetrating

Blunt and
Penetrating

Blunt and

penetrating

Blunt and
Penetrating

Time Period

Preoperative

Intraoperative

Preoperative+
Intraoperative

Fluid
resuscitation
only

Preoperative

Intraoperative

Preoperative+
Intraoperative

Preoperative+
Intraoperative

Intervention

No
resuscitation
for SBP <
90mmHg

Maintain
MAP>50mmHg

Low SBP of
70mmHg

restricted fluid
resuscitation
kept in 50-60
mmHg

MAP 40-50
mmHg

Maintain
MAP>50mmHg

250 mL bolus
if SBP <70
mmHg and
maintain SBP
>70 mmHg

Maintain MAP
>50mmHg

Control

Immediate
resuscitation
for target
SBP
>100mmHg

Maintain
MAP
>65mmHg

Conventional
SBP >
100mmHg

routine fluid
resuscitation
kept in 60-80
mmHg

MAP 60-80
mmHg

Maintain
MAP
>65mmHg

2L bolus and
maintain
SBP >110
mmHg

Maintain
MAP
>60mmHg

Table 2 Primary Outcome Data of Mortality
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Study Primary Outcome Group  Mortality Significance
Bickell 1994 In-Hospital Mortality ~ PH 86/289(29.70%)  0.04
CR 116/309(37.50%)
Carrick 2016 30-Day Mortality PH 18/86(21.40%) NS
CR 21/82(26.30%)
Dutton 2002 In-Hospital Mortality  PH 4/55(7.30%) NS
CR 4/55(7.30%)
Gu 2020 In-Hospital Mortality ~ PH 5/80(6.30%) 0.045
CR 13/80(16.30%)
Lu 2018 In-Hospital Mortality ~ PH 2/82(2.40%) 0.041
CR 15/82(18.30%)
Morrison 2011 30-Day Mortality PH 10/44(22.70%) NS
CR 13/46(28.20%)
Schreiber 2015  In-Hospital Mortality ~ PH 8/95(8.40%) NS
CR 15/91(16.50%)

PH: Permissive Hypotension; CR: Conventional Resuscitation Strategies; NS: No Significance

Figures

Records identified through
databases (n=898)
EMBASE (n=398)

PubMed (n=407)

Records after duplicates removed
(n=371)

Records excluded (n=332)

Records screened (n=39)
Full-text article excluded

® Traumatic brain

injury (n=4)
Included Studies (n=8) Infant/adolescent (n=8)

Wrong

Figure 1
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PRISMA Flow Diagram

Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

.Luw risk of bias DUncIearrisk of bias .High risk of bias

Figure 2

Risk of Bias Graph—review authors' judgments about each risk of bias item presented.

Hypotension Conventional Risk Ratio Risk Ratio
Study or Subgroup  Events _ Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bickell 1984 86 289 116 g 57.9% 0.79[0.63, 1.00] i
Carrick 20186 18 26 21 82 111% 0.82[0.47,1.42) -
Dutton 2002 4 55 4 55 21% 1.00[0.26, 3.80] s T
Gu 2020 5 a0 13 80 6.7% 0.38[0.14,1.03] 1
Lu 2018 2 az 15 82 7.7% 013[0.03,058) — "
Morrison 2011 10 44 13 46 6.6% 0.80[0.38, 1.64) .
Schreiber 2015 8 95 15 91 7.9% 0.51[0.23,1.15] =]
Total (95% CI) 31 745 100.0%  0.70[0.58, 0.84] ¢
Total events 133 197 ) . .

Heterogeneity: Chi*= 8.95, df= 6 (P = 0.18); F= 33%

Testfor overall effect: 2= 3.71 (P=0.0002) Gen D2 L > =)

Hypotension Conventional

Figure 3

Forest plot of Permissive Hypotension vs. Conventional Resuscitation Strategies, relative to Mortality.
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Hypotension Conventional Mean Difference Mean Difference

Study or Subgroup  Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Pit

Bickell 1994 198 105 289 107 58 308 00% 91.00(77.28,104.72]

Gu 2020 487 55 an 387 7 80 26.2% 10.00 [8.05, 11.95] .
Morrison 2011 162 72 38 158 79 42 3.3% 400[-29.09, 37.09) N | r—
Subtotal (95% Cl) 118 122 29.5% 9.98 [8.03, 11.93] '

Heterogeneity: Tauw®= 0.00; Chi*=0.13,df=1 {P=072), F= 0%
Test for overall effect: Z=10.04 (P = 0.00001)

1.6.2Hb

Bickell 1994 116 26 289 107 58 309 201% 8.00[0.87,15.13] i
Gu 2020 1145 83 80 8928 107 80 253% 21.70[18.59, 24.81] .
Lu2018 1025 13 82 846 83 82 251% 17.90[14.56,21.24] bed
Subtotal (95% CI) 451 471 70.5% 16.74[10.81,22.68] ¢

Heterogeneity: Tau®= 22.10; Chi*=12.44, df=2 (P =0.002); F=84%
Test for overall effect: Z=5.53 (P = 0.00001)

Total (95% CI) 569 593 100.0% 14.34 [7.96, 20.72] L 2
Heterogeneity: Tau®= 39.33; Chi*= 48.06, df= 4 (P < 0.00001}); F=92%
Testfor overall effect. Z=4.41 (P < 0.0001)

Test for subaroun differences: Chi*=4.50.df=1 {P=0.03). F=77.86%

100 -50 0 50 100
Hypotension Conventional

Figure 4

Forest plot of Permissive Hypotension vs. Conventional Resuscitation Strategies, relative to Blood Routine Index (PLT, Hb).

Hypotension Conventional Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.7.1PT
Bickell 1994 114 18 289 141 16 309 206% -2.70[-2.97,-2.43)
Gu 2020 349 49 80 333 486 80 19.6% 1.60[0.13, 3.07] r
Lu 2018 101 1.2 g2 169 24 82 205% -6.80[-7.38,-6.22] .
Marrisan 2011 14 2.2 42 21.7 238 3F  B2% -7.70[-15.40,-0.00] e
Subtotal (95% Cl) 493 508 68.8% -3.27[-6.53,-0.00] L

Heterogeneity: Tau?= 9.17; Chi*= 201.75, df= 3 (P < 0.00001); F= 99%
Test for overall effect: Z=1.96 (P = 0.05)

1.7.2 APTT

Bickell 1994 275 12 289 318 193 309 17.7%  -4.30[-6.86,-1.74] ®

Gu 2020 1256 202 80 1111 192 80 10.6%  14.50(8.39, 20.61] 3
Morrison 2011 391 232 42 56 448 42 3.0% -16.90[-32.16,-1.64] ===
Subtotal (95% CI) 41 431 31.2% -1.08[-16.34, 14.19] >

Heterogeneity. Tau®= 161.25, Chi*= 34.80, df= 2 (P < 0.00001), F= 94%
Test for overall effect: Z=0.14 (P = 0.89)

Total (95% Cl) 904 939 100.0% -2.00[-4.83, 0.84] 1
Heterogeneity: Tau*=10.16; Chi*= 238.03, df= 6 (P = 0.00001); F=97%
Testfor overall effect Z=1.38(F=0.17)

Testfor subaroun differences: Chif=0.08. df=1 (P=0.78). F=0%

100 -50 0 50 100
Hypotension Conventional

Figure 5

Forest plot of Permissive Hypotension vs. Conventional Resuscitation Strategies, relative to Blood Coagulation Function (PT, APTT).
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Hypotension Conventional Mean Difference Mean Difference

Study or Subgrou Mean SD_Total _Mean SD_Total Weight IV, Random, 95% Cl IV, Randorm, 95% CI

1.3.1 PRBC

Bickell 1994 1,713 2,313 260 1942 2322 268 9.0% -220.00 [624.38, 166.39)

Morrison 2011 1335 1,812 44 2244 2488 46 58% -908.00 [1800.34,-1766]

Schreiber 2015 1,070 2170 96 580 1380 95 82% 490,00 [-25.20, 1005.20] % ¥
Subtotal (95% Cl) 400 409 23.0% -144.13 [-820.53, 532.27] SR ——

Heterogeneity: Tau®= 264484 86, Chi*= 856, df=2 (P=001); F=77%
Test for overall effect Z=0.42 (P = 0.68)

1.3.2 Prehospital Crystalloid

Bickell 1994 92 309 289 870 667 309 104% -778.00 [-960.46,-69554]
Schreiber 2015 230 190 9B 00 350 95 104% -270.00[-349.99,-190.01] =
Subtotal (95% Cl) 385 404 20.7% -523.90 [-1021.73, -26.07] ~=i——

Heterogeneity Tau®=127314.17; Chif= 7511, df= 1 (P = 0.00001); F= 93%
Test for overall effect 2= 2.06 (P =0.04)

1.3.3 ED Crystalloid Volume

Bickell 1994 283 722 289 1608 1,201 309 10.2% -1325.00[-148267,-1167.33] 4
Schreiber 2015 990 1,460 96 1,750 1,570 95 BE%  -760.00[119008,-32062] ———
Subtotal (95% Cl) 385 404 18.9% -1079.38 [-1628.33, 530.43]

Heterogeneity: Tau®= 132301.40; Chi*= 5.84, df=1 (P = 0.02); F=83%
Testfor overall effect Z=3.85 (P =0.0001)

1.3.4 Intraoperative Crystalloid

Bickell 1994 6,520 4,863 260 6,772 4680 268 62%  -243.00[1058.12,57212]
Morrison 2011 ZE83 1921 44 3282 2010 46 62%  -390.00 121114, 41314) &—————T——
Subtotal (95% CI) 304 314 124% -321.29[-896.61, 254.03]  ——

Heterogeneity: Tau®= 0.00; Chi*= 0.07, df=1 (P = 0.79), F=0%
Testfor overall effect Z=1.09 (P = 0.27)

1.3.5 Estimated blood loss

Bickell 1994 2555 3546 260 3,127 4937 268 67%  -572.00 130354, 15054 T
Morrison 2011 1964 2,215 44 3008 2948 46 48%  -1044.00 211829, 30.26)
Subtotal (95% CI) 304 314 115% 72153 [-1326.19, -116.87] "E——

Heterogeneity: Tau®= 0.00; Chi*= 0.51, df=1 (P = 0.48), F=0%
Testfor overall effect £=2.34 (F=0.02)

1.3.6 total inputs

Gu 2020 15264 1157 80 2,7549 1538 60 10.4% -1228.50[1270.67,-1186.33] ¢
Schreiber 2015 5610 6,710 96 4430 4020 95 30% 118000 [-386.88, 2746.38] —F————+*
Subtotal (95% Cl) 176 175 13.4% -156.83[-2502.77,2189.11] —

Heterogeneity: Tau®= 2580649.36, Chi*= 9.07, df=1 (P =0.003), F= 89%
Test for overall effect Z=0.13 (F = 0.90)

Total (95% CI) 1954 2020 100.0%  -564.21[.883.66,-244.77] i
Heterogeneity: Tau®= 254596 .45; Chi*= 537 24, df= 12 (P < 0.00001); F= 93% k = t d
Test for overall efiect Z= 3.46 (P = 0.0005) ! DU‘IJ—ly:g!Znsionu Ccun\rsgggn;\ o
Testfor subaroun differences: Chi*=5.94. di= 5 (P=0.31). F=15.8% B &

Figure 6

Forest plot of Permissive Hypotension vs. Conventional Resuscitation Strategies, relative to Fluid Balance and Transfusion Requirements.
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Hypotension  Corventional Risk Ratio Risk Ratio

Stuy or Subgrouy Events  Total Events Total Weight M.H, Random, 95% Cl M-H. Random, 95% C1
14.1 K1

Blckell 1294 3 288 8 200 25% 0.40[011,150] o

Carrick 2016 10 78 0 86 55% 044[0.22,087) R
Schrelber 2015 2 66 5 85 00% 43501721102

Subtotal (95% CI) 364 375 B.O% 0.43[0.24,0.79] -

Total events 13

28
Heterogeneity Tau®= 0.00; Ch"= 0.02, df=1 (P = 0 90), F= 0%
Testfor overall effect Z= 2.72 (P = 0.007)

1.4.2 Anemia

Carrick 2016 B8 75 53 B8 9.4% 113 (098 130]

Mamison 2011 16 38 17 3% 68% 0.89(0.54,1.48] =k
Subtatal (95% CI) 113 102 16.1% 1.11[0.96, 1.28] d
Total evenls B4 0

Heterogeneity: Tau? = 0.00; Ch*=1.02, df=1 (P = 0.31); F= 2%
Testfor overall effect; Z=1.40 (P=016)

1.4.3 Infection

Bickell 1894 24 28 M 309 63% 1.22[0.70,215) =
Carrick 2016 4 75 3\ 66 85% 1.02(0.77,1.35] T
Subtotal (85% €1) 364 375 14.9% 1.06 [0.82, 1.36] 4
Total events 68

59
Heterogeneity. Tau® = 0.00; Ch= 0.37, df= 1{P= 0.54), P= 0%
Testfor overall effect 2= 043 (P=067)

1.4.4 Thrombocytopenia

Cartick 2016 23 75 22 86 0% 0.92[0.57,1.48] -
Mamison 2011 15 38 8 3 5I% 1.78 [0.88, 367) =
Sublotal (95% CI) 113 102 12.1% 1.21[0.64, 2.28] ->
Total events 38

an
Heterogeneity: Tau*= 012, Chi*= 218, df=1 (P = 0.14); F= 54%
Testfor averall effect 2= 0.58 (P = 0.56)

1.4.5 ARDS

Bickell 1294 3 289 8 308 15% 0.401[0.11,1.50] ———rl
Dutton 2002 10 =) 22 80 55% 0.45[0.23,0.90] TR
Luz018 10 82 25 82 56% 040(0.21,0.78] ===l
Yullie 1 56 3 56 1.0% 033[0.04, 311] N FRRE [I
Subtatal {95% CI) 507 527 146% 0.42 [0.27, 0.65] >

Total events. 24 58

Heterogeneity: Tau®= 0.00; Ch®=0.12, df=3(P =089, F= 0%

Testfor overall effect Z= 3.88 (P = 0.0001)

1.4.6 DIC

Bickell 1394 19 289 24 308 B.2% 0.85[0.47,151] =
Carrick 2018 2 75 19 66 B6% 0.87(0.58,164] i
Luzoie 2 82 14 82 22% 0.14 [0.03, 061] I
Mortizon 2011 23 38 22 /B TA% 099 [063,1.43] ==
Yu 2018 0 56 f 56 06% 014001, 2700 ¥
Subtotal {95% CI) 540 549 236% 0.76 [0.47, 1.23] *
Total events 65 8z

Heterogeneity Taut= 014; Cni#= 9,16, df= 4 (P = 0.06); F= 56%

Testfor overall effect Z= 112 (P=028)

1.4.7 MODS

Blckell 1994 55 269 ] 300 00% 085[062,117]

Dutton 2002 o 55 2 55 0B% 020001, 407) ¥ —
Gu 2020 7 80 18 80 45% 0,39(0.17,0.88 —_—
Luzoie 10 82 4 82 55% 0.421[0.21,083] =
Subtotal (95% CI) 217 217 10.7% 0.40 [0.24, 0.66] >
Total evenis 17 44

Heterogenelty: Tau® = 0.00; Ch*= 0,22, df= 2(P= 089 F= 0%

Testfor overall effect Z= 3.54 (P = 0.0004)

Total (95% CI) 2218 2247 100.0% 0.72 [0.57, 0.92] ¢+
Total evenls. 309 n

Heterogeneity Taut = 0.16; ChF= 64.50, df=19 (P < 0.00001); F= 71% A N

Test for overall effect Z= 2.62 (P = 0.009)

Testior suboroun differences: Chi*= 37,49, df= & (P = 0.00001%. F= 84.0% Hhmoegsion:Gemantong)

Figure 7

Forest plot of Permissive Hypotension vs. Conventional Resuscitation Strategies, relative to Complications.

Hypotension Conventional Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed, 95% ClI IV, Fixed, 95% CI
1.5.1 Days of the hospital
Bickell 1994 11 19 238 14 24 227 143% -3.00[6.95, 095 ¥
Schreiber 2015 185 105 95 186 103 91 2498% -010[-3.09, 2.89) ¥
Subtotal (95% CI) 333 318 39.1% -1.16 [-3.54, 1.23] 4

Heterogeneity: Chi*=1.32, df=1 (P =0.25); F= 24%
Testfor overall effect Z=0.95(F=0.34)

1.5.2 Days of ICU

Bickell 1994 711 238 8 16 227 35.4% -1.00[3.51,1.51] I
Schreiber 2015 236 98 95 23 107 91 255% 0.60[-2.35 3.55)
Subtotal (95% CI) 333 318 60.9% -0.33[-2.24, 1.58] {

Heterogeneity: Chi*= 0.66, df=1{(P=0.42); F=0%
Test for overall effect: Z=0.34 (P=0.74)

Total (95% CI) 666 636 100.0% -0.65[-2.14, 0.84] |
Heterogeneity: Chi*= 2.26, df=3(P=0.52); F=0%

Test for overall effect: Z= 0.86 (P = 0.39)

Testfor subaroun differences: Chif=0.28.df=1 (P=0.60). F=0%

-100 -50 0 50 100
Hypotension Conventional

Figure 8
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Forest plot of Permissive Hypotension vs. Conventional Resuscitation Strategies, relative to Days of ICU or Hospital.
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