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Restricted fluid resuscitation improves the prognosis  
of patients with traumatic hemorrhagic shock
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Abstract: Objective: To explore the effect of restricted fluid resuscitation on coagulation, the serum inflammato-
ry factors, and the prognoses of patients with traumatic hemorrhagic shock. Methods: This prospective random-
ized controlled trial recruited 160 patients with traumatic hemorrhagic shock from the Department of Emergency  
in Ningbo No. 6 Hospital. The patients were randomly divided into two groups: the patients in one group received 
restricted fluid resuscitation (the experimental group, n=80) and the patients in the other group received routine 
fluid resuscitation (the control group, n=80). The differences in the infusion volumes and mean arterial pressure 
(MAP) levels during the resuscitation as well as the levels of the serum inflammatory factors (TNF-α, IL-4, IL-6, IL-10) 
and the coagulation function indexes (platelet (PLT), prothrombin time (PT), activated partial thromboplastin time 
(APPT)) before and after resuscitation were compared between the two groups. The mortality and the incidences 
of acute respiratory distress syndrome (ARDS) and multiple organ dysfunction syndrome (MODS) of the patients in 
both groups during their hospital stays were calculated. Results: During the fluid resuscitation, the infusion volume 
in the experimental group was significantly lower than it was in the control group (P<0.001). After the resuscitation, 
the experimental group had significantly lower MAP and serum TNF-α, IL-4, IL-6 and IL-10 levels, but significantly 
higher plasma lactic acid, hemoglobin (Hb), hematocrit (Hct) and base excess (BE) as well as PLT, PT, and APTT lev-
els than the control group. The mortality (6.3% vs 16.3%, P=0.045) and the incidences of ARDS (12.5% vs 27.5%, 
P=0.018) and MODS (8.8% vs 22.5%, P=0.017) in the experimental group were significantly lower than they were in 
the control group. Conclusion: Restricted fluid resuscitation can significantly improve the serum inflammatory factor 
levels, the coagulation indicators, and the prognoses of patients with traumatic hemorrhagic shock and can reduce 
their infusion volumes and MAP levels.
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Introduction

With the development of traffic and industry, 
especially the construction industry, traffic and 
fall injuries occur frequently, so trauma has 
become one of the most important threats to 
life and health in modern society [1, 2]. 
Research by the World Health Organization 
(WHO) shows that about 5.8 million people die 
from trauma each year. Deaths due to trauma 
account for about 10% of all deaths, and dis-
abilities due to trauma account for about 16% 
of all disabilities [3, 4]. Research shows that 
trauma mainly occurs in the young and middle-
aged people under 50 years old, causing severe 
damage to the economy and to family harmony 
[5]. Traumatic hemorrhagic shock is the main 
cause of death after trauma and accounts for 

30%-40% of the deaths within 24 hours after 
trauma [6]. The emergency treatment of trau-
matic hemorrhagic shock has become a world-
wide public health problem. It is of great signifi-
cance to study the resuscitation strategies for 
traumatic hemorrhagic shock.

Traumatic hemorrhagic shock is mainly caused 
by excessive blood loss in the body after trau-
ma. The dramatic decrease of the effective cir-
culating blood volume causes a sharp decline 
of blood perfusion in tissues and the enhance-
ment of anaerobic metabolism, which then 
leads to acute respiratory distress syndrome 
(ARDS) and multiple organ dysfunction syn-
drome (MODS) [7, 8]. Effective hemostasis and 
anti-shock therapy should be performed as 
soon as possible to prevent patients from 
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developing ARDS and MODS, as early preven-
tion can greatly help avoid a poor prognosis [9]. 
Fluid resuscitation is an important method of 
anti-shock treatment for patients with traumat-
ic hemorrhagic shock. The traditional aggres-
sive fluid resuscitation advocates restoring the 
effective blood volume quickly by means of a 
large amount of fluid infusion. Studies have 
shown that aggressive fluid resuscitation can 
cause coagulation disorders and can increase 
the inflammatory factor levels [10, 11]. In 
recent years, restricted fluid resuscitation has 
become a hotspot of anti-shock therapy for 
patients with traumatic hemorrhagic shock. 
Different from the traditional aggressive fluid 
resuscitation, restricted fluid resuscitation 
advocates restoring the perfusion of vital 
organs and tissues with a small amount of bal-
anced salt solution, which is also known as 
“permissive hypotension” [12].

However, the main focus of the research on 
aggressive fluid resuscitation and restricted 
fluid resuscitation in the past was the control of 
blood pressure, and there were few studies 
about coagulation and the serum levels of the 
inflammatory factors such as IL-4 and IL-10 in 
the patients. Therefore, the aim of our study, 
which was a single-center, prospective, ran-
domized controlled trial, was to explore the 
effect of restricted fluid resuscitation on the 
prognoses of patients with traumatic hemor-
rhagic shock. We also studied the coagulation 
and inflammatory factors in patients with trau-
matic hemorrhagic shock after resuscitation.

Materials and methods

Patients

This prospective randomized controlled trial 
recruited 160 patients with traumatic hemor-
rhagic shock from the Department of Emer- 
gency in Ningbo No. 6 Hospital from February  
2018 to February 2020. This study was approv- 
ed by the Medical Ethics Committee of  
Ningbo No. 6 Hospital.

Inclusion criteria: Patients who met the diag-
nostic criteria of hemorrhagic shock in the 
“Chinese emergency medicine expert consen-
sus on diagnosis and treatment of traumatic 
hemorrhagic shock” issued by the Chinese 
College of Emergency Physicians in 2017 [13]; 
patients who were admitted to our hospital for 

the first time and who were admitted within 6 
hours of their arrival and who had not been 
transferred; patients who were over 18 years 
old; patients whose family members signed the 
informed consent.

Exclusion criteria: Patients who had dysfunc-
tion of the vital organs including the liver and 
kidneys before their admission; patients who 
were admitted with MODS and ARDS; patients 
with incomplete clinical data [14].

Methods

The patients were treated before resuscitation 
according to the basic principle of first aid and 
resuscitation [15]: first, the injury was assessed. 
The bleeding sites were identified quickly and 
appropriate medication was given to stop the 
bleeding. The patients were escorted to the 
corresponding department to perform an emer-
gency surgical exploration for hemostasis. 
Because the time from shock to death is very 
short (about 2 h), the healthcare practitioners 
paid attention to the accuracy of the identifica-
tion and shortened the identification and effec-
tive hemostasis times as much as possible. 
Second, the patients’ respiratory tracts were 
kept unobstructed, and continuous oxygen 
inhalation was maintained. A ventilator with 
endotracheal intubation was used when need-
ed. Third, the vital signs were monitored. The 
radial artery (left or right) was catheterized and 
connected to a hemodynamic monitor. The 
patients were subjected to electrocardiograph-
ic monitoring and dynamic monitoring of their 
vital signs was performed. Fourth, the periph-
eral venous access was established and the 
central venous access was established as soon 
as possible if the conditions permitted.

The patients in the control group were treated 
with routine resuscitation: 1,500-2,000 mL of 
compound sodium chloride solution (Jilin 
Dubang Pharmaceutical Co., Ltd., 500 mL) was 
given for volume expansion. Then 500-1,000 
mL of hydroxyethyl starch (Beijing Fresenius 
Kabi Pharmaceutical Co., Ltd., 500 mL) was 
given for the resuscitation.

The patients in the experimental group were 
treated with restricted fluid resuscitation: 500-
1,500 mL of compound sodium chloride solu-
tion (Jilin Dubang Pharmaceutical Co., Ltd., 500 
mL) was given within 30-60 min. Then 500 mL 
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of hydroxyethyl starch (Beijing Fresenius Kabi 
Pharmaceutical Co., Ltd., 500 mL) was given 
for the resuscitation. The total liquid infusion 
volume ranged from 1,500 mL to 2,000 mL. 
The mean arterial pressure (MAP) of the 
patients treated with routine resuscitation and 
restricted fluid resuscitation was kept in the 
range of 60-80 mmHg and 50-60 mmHg 
respectively. And the urine volume was main-
tained at more than 50 mL/h and 40 mL/h 
respectively [11, 12].

Outcome measures

The infusion volumes of the resuscitation in 
both groups: The total infusion volumes of the 
compound sodium chloride solution and the 
hydroxyethyl starch were recorded.

The plasma lactic acid, Hct, and BE levels 
before and after the resuscitation in both 
groups [16]: The lactic acid plasma level was 
measured with a spectrophotometry kit provid-
ed by the BioVision Company. The Hct and BE 
plasma levels were measured with a fully auto-
mated biochemical analyzer (Manufacturer: 
Beckman Counter Company, Type: AU5800).

The serum levels of the inflammatory factors 
before and after the resuscitation in both 
groups [17, 18]: The TNF-α, IL-4, IL-6 and IL-10 
serum levels were measured using the ELISA 
method according to the instruction of the 
TNF-α kit (Brand: Cayman, batch number: 
589201-96), IL-4 kit (Brand: Abnova, batch 
number: ab215089), IL-6 kit (Brand: BioVision, 
batch number: K4143-100), IL-10 kit (Brand: 
Abnova, batch number: ab46034) respectively. 
The absorbances of the samples were mea-
sured using a Varioskan LUX multi-function 
microplate reader (Thermo Fisher Scientific, 
United States).

The coagulation indicators before and after the 
resuscitation in both groups [19]: The platelet 
count was measured using the flow fluores-
cence scattering method. The blood samples 
were collected using disposable syringes or sil-
ica glass syringes and the plasma was sepa-
rated out using centrifugation. Then the time 
needed for plasma coagulation and the pro-
thrombin time (PT) after adding enough throm-
boplastin and calcium ions into the plasma was 
measured. The activated partial prothrombin 
time (APPT) was measured using a coagulation 
test.

The prognoses of the patients in the two 
groups: The mortality and the incidences of 
ARDS and MODS during their hospital stays 
were recorded.

Statistical methods

SPSS 24.0 was used for the statistical analysis. 
The enumeration data were expressed as n (%) 
and χ2 tests and Fisher’s exact tests were 
adopted for the comparisons between the two 
groups. The measurement data were expressed 
as the means ± standard deviation (

_
x  ± sd). 

Comparisons within the same group used 
paired-sample t-tests, and the comparisons 
between the two groups used independent-
sample t-tests. P<0.05 (two-sided) was consid-
ered statistically significant.

Results

Baseline data

There were no significant differences in terms 
of age, sex, fluid resuscitation times, mean 
times from trauma to admission, shock index, 
injury severity scores (ISS), or the causes of the 
trauma in the two groups (P>0.05, Table 1).

Comparison of the infusion volumes and the 
MAP levels in the two groups

During fluid resuscitation, the infusion volume 
in the experimental group was significant- 
ly lower than it was in the control group 
(1526.4±115.7 mL vs 2754.9±153.8 mL, P< 
0.001). See Figure 1A. There was no significant 
difference in the MAP levels in the two groups 
at the time of admission (59.3±6.3 mmHg vs 
58.6±6.9 mmHg, P=0.222). Compared with 
the levels at admission, the MAP levels in the 
control group increased significantly after the 
resuscitation (P<0.001), but in the experimen-
tal group the levels didn’t change significantly 
after the resuscitation (P>0.05). After the re- 
suscitation, the MAP levels in the experimental 
group were significantly lower than the levels in 
the control group (61.3±3.5 mmHg vs 71.1±4.6 
mmHg, P<0.001). See Figure 1B.

Comparison of the lactic acid, Hct, and BE 
plasma levels in the two groups

Before the resuscitation, there was no signifi-
cant difference in the lactic acid, Hb, Hct, or BE 
levels in the two groups (P<0.05). After the 
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resuscitation, the lactic acid, HB, and Hct levels 
in both groups all decreased significantly 
(P<0.001), but the BE plasma levels in both 
groups increased significantly (P<0.001). Com- 
pared with the control group, the lactic acid, 
HB, Hct, and BE levels were significantly higher 
in the experimental group after the resuscita-
tion (P<0.001). See Table 2.

Compared with the PT at admission, the PT in 
the control group didn’t change significantly 
after the resuscitation (P>0.05), but it was sig-
nificantly increased in the experimental group 
(P<0.001). The PLT, PT, and APTT levels in the 
experimental group were significantly higher 
than they were in the control group after the 
resuscitation (P<0.05). See Table 4.

Table 1. Baseline information (n (%)/(
_
x  ± sd))

Items Control group (n=80) Experimental group (n=80) χ2/t P
Age (year) 38.1±8.7 36.8±7.5 1.012 0.313
Gender (male/female, n (%)) 53 (66.3)/27 (34.7) 59 (73.8)/21 (26.2) 1.071 0.301
BMI (kg/m2) 23.8±2.9 23.3±3.2 1.036 0.302
Time for fluid resuscitation (h) 1.5±0.3 1.6±0.4 1.789 0.076
Time from injury to admission (h) 2.3±1.3 2.5±1.5 0.901 0.369
Shock index 2.2±0.4 2.1±0.4 1.581 0.116
ISS (score) 28.3±2.9 27.6±3.2 1.450 0.149
Cause of injury (n, %)
    Traffic injury 48 (60.0) 51 (63.8) 0.120 0.793
    Fall injury 12 (15.0) 10 (12.5)
    Smashed injury 10 (12.5) 11 (13.8)
    Crush injury 7 (8.8) 7 (8.8)
    Others 3 (3.8) 1 (1.3)
Note: BMI: body mass index; ISS: injury severity score. 

Figure 1. Comparison of the infusion volume and MAP levels in the two 
groups. A: Infusion volume during the resuscitation in both groups; B: MAP 
before and after the resuscitation in both groups. Compared with the con-
trol group before the resuscitation, ***P<0.001; compared with the control 
group, ###P<0.001. MAP: mean artery pressure. 

Comparison of serum levels 
of inflammatory factors be-
tween the two groups

Before the resuscitation, th- 
ere were no significant di- 
fference in the TNF-α, IL-4, 
IL-6, or IL-10 serum levels in 
the two groups (P>0.05). After 
the resuscitation, the inflam-
matory factor levels in the  
two groups all significantly in- 
creased (P<0.001), and the 
levels of these inflammatory 
factors in the experimental 
group were significantly lower 
than those in the control 
group (P<0.001). See Table 3.

Comparison of the coagula-
tion in the two groups

Before the resuscitation, th- 
ere were no significant differ-
ences in the coagulation indi-
cators (PLT, PT, and APPT) in 
the two groups (P>0.05). 
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Comparison of the prognoses in the two 
groups

The incidences of death (6.3% vs 16.3%, 
P=0.045), ARDS (12.5% vs 27.5%, P=0.018), 
and MODS (8.8% vs 22.5%, P=0.017) in the 
experimental group were all significantly lower 
than those in the control group respectively. 
See Table 5.

Discussion

The rapid decrease of blood volume is the 
cause of traumatic hemorrhagic shock, and the 
hypoperfusion of vital organs and surrounding 
tissues is the key to the progression of the dis-
ease, which has five characteristics. First, 
changes in microcirculation [20]: catechol-
amine-mediated arteriolar contraction after 
massive blood loss leads to a decreased perfu-
sion pressure of the microcirculation and the 

cytotoxic edema, which can promote the con-
traction of the capillaries; finally, these effects 
will aggravate the decreased perfusion of the 
microcirculation and lead to a “waterfall effect”. 
Second, changes in cell metabolism [21]: when 
the oxygen-carrying capacity of blood cells and 
effective blood volume cannot meet the meta-
bolic requirements of tissues, the anaerobic 
metabolism of the cells is enhanced, leading to 
high plasma levels of lactic acid and finally 
inducing metabolic acidosis; with the aggrava-
tion of the oxygen debt, cell membrane rupture, 
cell apoptosis, or necrosis will occur due to the 
disruptions in cellular homeostasis. Third, 
changes in the inflammatory factor concentra-
tions [22]: the body produces and releases a 
large amount of inflammatory mediators such 
as TNF-α after a massive blood loss caused by 
trauma. The body’s anti-inflammatory capacity 
increases as the disease progresses. Mean- 
while, IL-4, IL-6, IL-10, and other inflammatory 

Table 2. Comparison of the lactic acid, Hct, and BE serum levels before and after the resuscitation in 
both groups
Items Lactic acid (mmol/L) Hb (g/L) Hct BE (mmol/L)
Control group (n=80)
    Before resuscitation 4.7±1.5 121.9±14.9 0.34±0.06 -10.5±3.7
    After resuscitation 2.2±1.0 92.8±10.7 0.23±0.09 -6.5±2.2
    t 5.289 14.189 9.096 8.311
    P <0.001 <0.001 <0.001 <0.001
Experimental group (n=80)
    Before resuscitation 5.1±1.6 123.7±13.8 0.36±0.08 -11.3±4.5
    After resuscitation 3.6±1.1### 114.5±9.3### 0.30±0.07### -4.3±1.8###

    t 13.74 4.945 5.048 12.918
    P <0.001 <0.001 <0.001 <0.001
Note: Compared with the control group after the resuscitation, ###P<0.001. Hb: hemoglobin; HCT: hematocrit; BE: base excess.

Table 3. Comparison of the inflammatory factor serum levels  before and after the resuscitation
Items TNF-α (pg/mL) IL-4 (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL)
Control group (n=80)
    Before resuscitation 67.8±8.7 485.9±54.3 162.5±18.2 332.9±36.7
    After resuscitation 124.7±11.3 759.9±82.3 251.5±20.7 520.3±43.9
    t 35.686 24.856 28.881 29.293
    P <0.001 <0.001 <0.001 <0.001
Experimental group (n=80)
    Before resuscitation 69.5±9.2 477.9±51.7 166.3±17.8 320.4±40.3
    After resuscitation 82.5±10.1### 633.2±67.9### 210.6±14.9### 432.7±38.7###

    t 8.511 16.276 17.069 17.977
    P <0.001 <0.001 <0.001 <0.001
Note: Compared with the control group after the resuscitation, ###P<0.001. TNF-α: tumor necrosis factor α; IL-4: interleukin 4; 
IL-6: interleukin 6; IL-10: interleukin 10.
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factors are synthesized and released. The 
inflammatory factors induce the expression of 
adhesion molecules on the surface of the endo-
thelium, which promotes the adhesion and roll-
ing of activated white blood cells, thus causing 
irreversible damage to the cells and terminal 
organs. Fourth, changes in coagulation [23]: 
after trauma, the body can reduce the level of 
fibrinogen by activating the protein C system, 
which causes dysfunctional anticoagulation 
and fibrinolysis. A large amount of activated 
thrombin can further induce diffuse coagulopa-
thy. Fifth, multiple organ dysfunction syndrome 
[24]: the hypoperfusion of organs and tissues 
can cause cell degeneration in the liver, kid-
neys, and other tissues. The dysfunction of 
inflammatory factors and coagulation can 
aggravate organ function damage. All these 
factors can eventually lead to multiple organ 
dysfunction and even organ failure. Therefore, 
traumatic hemorrhagic shock is a serious injury 
to multiple systems of the body. During anti-
shock treatment, the medical staff should pay 
close attention to changes in microcirculation, 
cell metabolism, the inflammatory factors, 
coagulation, and organ function.

improve prognosis [27]. At present, the liquid 
resuscitation method is still controversial in the 
clinic, and the outcome measures on the effect 
of liquid resuscitation in most previous studies 
are not satisfactory. In our study, several repre-
sentative indicators were selected to evaluate 
the effect of traditional aggressive fluid resus-
citation and restricted fluid resuscitation on 
traumatic hemorrhagic shock. The MAP levels 
before and after resuscitation were measured 
to evaluate the recovery of tissues with perfu-
sion. The plasma lactic acid, Hct, and BE levels 
were measured to determine the anaerobic 
metabolism of the tissue cells. The serum TNF-
α, IL-4, IL-6, and IL-10 levels were measured to 
evaluate the inflammatory factor levels. The 
plasma PLT, PT, APTT levels were measured to 
estimate the coagulation. We used comprehen-
sive indicators to evaluate the effect of resusci-
tation, which was rarely done in previous 
studies.

Low infusion volumes and low MAP levels are 
the main characteristics of restricted fluid 
resuscitation. Accordingly, in our study we used 
relatively small amounts of fluid to restore rela-
tively low MAP levels in the experimental group. 

Table 4. Comparison of coagulation indicators before and after the 
resuscitation
Items PLT (×109/L) PT (second) APPT (second)
Control group (n=80)
    Before resuscitation 33.5±9.5 32.8±3.3 104.7±18.6
    After resuscitation 38.7±7.2 33.3±4.6 111.1±19.2
    t 3.902 0.79 2.141
    P 0.001 0.431 0.034
Experimental group (n=80)
    Before resuscitation 34.3±9.2 31.7±4.3 106.8±20.7
    After resuscitation 48.7±5.5### 34.9±4.9# 125.6±20.2###

    t 12.016 4.39 5.814
    P <0.001 <0.001 <0.001
Note: Compared with the control group after the resuscitation, #P<0.05, ###P<0.001. 
PLT: platelet; PT: prothrombin time; APPT: activated partial thromboplastin time.

Table 5. Comparison of the prognosis
Items Control group (n=80) Experimental group (n=80) χ2 P
Death 13 (16.3) 5 (6.3) 4.006 0.045
ARDS 22 (27.5) 10 (12.5) 5.625 0.018
MODS 18 (22.5) 7 (8.8) 5.736 0.017
Note: ARDS: acute respiratory distress syndrome; MODS: multiple organ dysfunction 
syndrome.

Maintaining stable hemody-
namics is an important mea-
sure for the treatment of 
hemorrhagic shock, and it 
can effectively correct the 
insufficiency of tissue perfu-
sion pressure and cell metab-
olism disorder. Therefore, the 
traditional fluid resuscitation 
treatment advocates restor-
ing patients’ blood pressure 
to normal as soon as possi-
ble. However, the short-term 
ischemia-reperfusion of tis-
sues will further aggravate 
the tissue damage [25, 26]. 
Matlox et al. proposed the 
concept of delayed resuscita-
tion in 1996, which denied 
the rationality of rapid fluid 
resuscitation. They stated th- 
at blood pressure should be 
restored to a level sufficient 
to maintain vital tissues and 
organs first, then to a normal 
level. This method can 
reduce tissue damage and 
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The infusion volume and MAP level results in 
our study are consistent with those reported by 
Kudo et al. and Carrick et al. [28]. Meanwhile, 
there was no significant difference in the base-
line MAP levels in the two groups before resus-
citation, but the MAP levels all increased signifi-
cantly in both groups after resuscitation. The 
reason may be that fluid resuscitation expands 
the volume of the circulatory system and 
increases the effective circulating blood vol-
ume, which then increases the MAP levels. 
However, the MAP levels in the experimental 
group were significantly lower than they were in 
the control group. And the results are consis-
tent with those reported by Carrick et al. [29].

The results of our study showed that the effect 
of restricted fluid resuscitation on improving 
the cellular anaerobic metabolism and coagula-
tion and alleviating the release of inflammatory 
factors were better than traditional fluid resus-
citation. The serum lactic acid, HB, Hct, and BE 
levels were measured to observe the anaerobic 
metabolism of the cells. The lactic acid, HB, 
Hct, and BE levels in both groups all decreased 
significantly after the resuscitation, and the 
decline of the restricted fluid resuscitation was 
more dramatic, which is consistent with the 
results reported by Ho et al. [30]. The TNF-α, 
IL-4, IL-6, and IL-10 serum levels in both groups 
all���������������������������������������������      increased significantly after the resuscita-
tion, but the increase of the restricted fluid 
resuscitation was smaller than the increase of 
the traditional fluid resuscitation. The reason 
may be that restricted fluid resuscitation is 
more effective in alleviating the elevated levels 
of the inflammatory mediators caused by tissue 
reperfusion. Because the patients synthesized 
a large amount of the inflammatory mediators 
before the resuscitation, the total level still 
increased significantly after the resuscitation 
[31, 32]. The PLT, PT, and APPT levels in the two 
groups all changed after the fluid resuscitation, 
but the changes in the experimental group were 
more significant, which indicated that restrict-
ed fluid resuscitation can restore the coagula-
tion function more effectively. These results 
are similar to the research reported by Rasheed 
et al. [33].

We also found that the mortality and incidenc-
es of ARDS and MODS in the patients with 
restricted fluid resuscitation were significantly 

lower than those with traditional aggressive 
fluid resuscitation, indicating that the effect of 
restricted fluid resuscitation not only signifi-
cantly changes the microcirculation, cell metab-
olism, inflammatory factor levels, and coagula-
tion it also improves the prognoses of patients 
better than traditional fluid resuscitation. Xiao 
et al. performed restricted fluid resuscitation 
on 219 patients with traumatic shock, and they 
found the incidences of ARDS and MODS were 
18.3% and 17.4%, respectively [34], incidences 
slightly higher than the results in our study. But 
the mortality (9.13%) was similar to what we 
observed in our study.

There are still some limitations to our study. 
Firstly, we only recruited patients with traumat-
ic hemorrhagic shock, so the effects of restrict-
ed fluid resuscitation in patients with other 
types of shock are unclear. Moreover, because 
of the great differences in the treatments of 
patients with traumatic hemorrhagic shock, our 
study only observed the related outcome mea-
sures before and after the resuscitation, and 
we did not follow up with subsequent clinical 
data. Furthermore, the target level of the MAP 
of restricted fluid resuscitation is another 
hotspot of current research; however, we did 
not study the effect of restricted fluid resuscita-
tion with different MAP levels on patients with 
other types of shock.

In conclusion, restricted fluid resuscitation has 
a higher application value in patients with trau-
matic hemorrhagic shock. It not only improves 
patients’ microcirculation and coagulation fun- 
ctions, it also effectively alleviates the anaero-
bic metabolism of tissue cells and the release 
of the inflammatory factors. Compared with tra-
ditional aggressive fluid resuscitation, restrict-
ed fluid resuscitation can improve patient prog-
nosis, effectively reducing the mortality and 
decreasing the incidences of ARDS and MODS.

Disclosure of conflict of interest

None.

Address correspondence to: Li Zhou, Department  
of Emergency, Ningbo No. 6 Hospital, No. 1059 
Zhongshan East Road, Ningbo 315040, Zhejiang 
Province, China. Tel: +86-18906627957; E-mail: 
zhouli7c3a@163.com

mailto:zhouli7c3a@163.com


Restricted fluid resuscitation and traumatic hemorrhagic shock

5326	 Int J Clin Exp Med 2020;13(7):5319-5327

References

[1]	 Cook JM and Simiola V. Trauma and PTSD in 
older adults: prevalence, course, concomi-
tants and clinical considerations. Curr Opin 
Psychol 2017; 14: 1-4.

[2]	 Thompson KB, Krispinsky LT and Stark RJ. 
Late immune consequences of combat trau-
ma: a review of trauma-related immune dys-
function and potential therapies. Mil Med Res 
2019; 6: 11.

[3]	 Cannon JW. Hemorrhagic Shock. N Engl J Med 
2018; 378: 370-379.

[4]	 Deane M, Galvagno SM Jr, Moran B, Stein DM, 
Scalea TM and O’Connor JV. Shock, not blood 
pressure or shock index, determines the need 
for thoracic damage control following penetrat-
ing trauma. Shock 2020; 54: 4-8.

[5]	 Schroll R, Swift D, Tatum D, Couch S, Heaney 
JB, Llado-Farrulla M, Zucker S, Gill F, Brown G, 
Buffin N and Duchesne J. Accuracy of shock 
index versus ABC score to predict need for 
massive transfusion in trauma patients. Injury 
2018; 49: 15-19.

[6]	 Wilson NM, Wall J, Naganathar V, Brohi K and 
De’Ath HD. Mechanisms involved in secondary 
cardiac dysfunction in animal models of trau-
ma and hemorrhagic shock. Shock 2017; 48: 
401-410.

[7]	 Zhu R and Ma XC. Role of metabolic changes 
of mucosal layer in the intestinal barrier dys-
function following trauma/hemorrhagic shock. 
Pathol Res Pract 2018; 214: 1879-1884.

[8]	 Hutchings SD, Naumann DN, Hopkins P, Mellis 
C, Riozzi P, Sartini S, Mamuza J, Harris T, Mid-
winter MJ and Wendon J. Microcirculatory im-
pairment is associated with multiple organ 
dysfunction following traumatic hemorrhagic 
shock: the MICROSHOCK study. Crit Care Med 
2018; 46: e889-e896.

[9]	 Zhao G, Wu W, Feng QM and Sun J. Evaluation 
of the clinical effect of small-volume resuscita-
tion on uncontrolled hemorrhagic shock in 
emergency. Ther Clin Risk Manag 2017; 13: 
387-392.

[10]	 Safavian D, Leung CH, Kapus A, Ailenberg M, 
Szaszi K, Shani R, Di Ciano-Oliveira C, Ghazar-
ian M and Rotstein O. Hemorrhagic shock/re-
suscitation reduces the M2 phenotype of al-
veolar macrophages: a potential mechanism 
contributing to increased lps-induced lung in-
jury. Shock 2019; 51: 213-220.

[11]	 Libert N, Harrois A, Baudry N, Vicaut E and Du-
ranteau J. Intestinal microcirculation and mu-
cosal oxygenation during hemorrhagic shock 
and resuscitation at different inspired oxygen 
concentrations. J Trauma Acute Care Surg 
2017; 83: 476-484.

[12]	 Tran A, Yates J, Lau A, Lampron J and Matar M. 
Permissive hypotension versus conventional 

resuscitation strategies in adult trauma pa-
tients with hemorrhagic shock: a systematic 
review and meta-analysis of randomized con-
trolled trials. J Trauma Acute Care Surg 2018; 
84: 802-808.

[13]	 Emergency Medicine Branch of Chinese Medi-
cal Doctor Association, Chinese People’s Lib-
eration Army Professional Committee on Emer-
gency Medicine, Chinese People’s Liberation 
Army Committee of Critical Care Medicine and 
Committee of Emergency Surgery of Chinese 
Medical Association Emergency Branch. Chi-
nese emergency medicine expert consensus 
on diagnosis and treatment of traumatic hem-
orrhagic shock. Med Pharm J Chin People’s 
Liberation Army 2017; 42: 1029-1038.

[14]	 Aoki M, Abe T, Saitoh D, Hagiwara S and Oshi-
ma K. Use of vasopressor increases the risk of 
mortality in traumatic hemorrhagic shock: a 
nationwide cohort study in Japan. Crit Care 
Med 2018; 46: e1145-e1151.

[15]	 Kudo D, Yoshida Y and Kushimoto S. Permis-
sive hypotension/hypotensive resuscitation 
and restricted/controlled resuscitation in pa-
tients with severe trauma. J Intensive Care 
2017; 5: 11.

[16]	 Wu XQ, Li ZB, Chen WX, Wen DL, Zhang ZH and 
Xiong XM. The influence of different resuscita-
tion solution on lactic acid accumulation after 
hemorrhagic shock: a network meta-analysis. 
Eur Rev Med Pharmacol Sci 2019; 23: 6707-
6717.

[17]	 Bahrami A, Jafarmadar M, Redl H, Bahrami S 
and Jiang JX. TNF-alpha release capacity is 
suppressed immediately after hemorrhage 
and resuscitation. Chin J Traumatol 2017; 20: 
207-211.

[18]	 Zettel K, Korff S, Zamora R, Morelli AE, Dar-
wiche S, Loughran PA, Elson G, Shang L, Salga-
do-Pires S, Scott MJ, Vodovotz Y and Billiar TR. 
Toll-Like receptor 4 on both myeloid cells and 
dendritic cells is required for systemic inflam-
mation and organ damage after hemorrhagic 
shock with tissue trauma in mice. Front Immu-
nol 2017; 8: 1672.

[19]	 Hofmann N, Zipperle J, Brettner F, Jafarmadar 
M, Ashmwe M, Keibl C, Ponschab M, Kipman 
U, Bahrami A, Redl H, Bahrami S, Fuhrmann V 
and Schochl H. Effect of coagulation factor 
concentrates on markers of endothelial cell 
damage in experimental hemorrhagic shock. 
Shock 2019; 52: 497-505.

[20]	 Tanaka S, Escudier E, Hamada S, Harrois A, 
Leblanc PE, Vicaut E and Duranteau J. Effect of 
RBC transfusion on sublingual microcircula-
tion in hemorrhagic shock patients: a pilot 
study. Crit Care Med 2017; 45: e154-e160.

[21]	 Naumann DN, Hazeldine J, Midwinter MJ, 
Hutchings SD and Harrison P. Poor microcircu-
latory flow dynamics are associated with endo-



Restricted fluid resuscitation and traumatic hemorrhagic shock

5327	 Int J Clin Exp Med 2020;13(7):5319-5327

thelial cell damage and glycocalyx shedding 
after traumatic hemorrhagic shock. J Trauma 
Acute Care Surg 2018; 84: 81-88.

[22]	 Chang P, Williams AM, Bhatti UF, Biesterveld 
BE, Liu B, Nikolian VC, Dennahy IS, Lee J, Li Y 
and Alam HB. Valproic acid and neural apopto-
sis, inflammation, and degeneration 30 days 
after traumatic brain injury, hemorrhagic sh- 
ock, and polytrauma in a swine model. J Am 
Coll Surg 2019; 228: 265-275.

[23]	 Eiben TI, Fuhrmann V, Saugel B and Kluge S. 
Hemorrhagic shock: general principles. Inter-
nist (Berl) 2017; 58: 207-217.

[24]	 Yan R. Exploring mechanisms of and therapeu-
tic interventions for microvascular endothelial 
activation in shock. Univ Groningen 2019.

[25]	 Obert DP, Wolpert AK and Korff S. Modulation 
of endoplasmic reticulum stress influences 
ischemia-reperfusion injury after hemorrhagic 
shock. Shock 2019; 52: e76-e84.

[26]	 Huang J, Xu D, Guo Q, Ou B, Ling Q, Li J, Yang Z 
and Tang W. Remote ischemic postcondition-
ing improves myocardial dysfunction via the 
risk and safe pathways in a rat model of severe 
hemorrhagic shock. Shock 2018; 49: 460-
465.

[27]	 Mattox KL. Cardiac and thoracic effects follow-
ing trauma: foreword with perspective and 
philosophical reflections. J Cardiothoracic 
Trauma 2016; 1: 1.

[28]	 Groger M, Wepler M, Wachter U, Merz T, Mc-
Cook O, Kress S, Lukaschewski B, Hafner S, 
Huber-Lang M, Calzia E, Georgieff M, Nagaha-
ra N, Szabo C, Radermacher P and Hartmann 
C. The effects of genetic 3-mercaptopyruvate 
sulfurtransferase deficiency in murine trau-
matic-hemorrhagic shock. Shock 2019; 51: 
472-478.

[29]	 Carrick MM, Leonard J, Slone DS, Mains CW 
and Bar-Or D. Hypotensive resuscitation 
among trauma patients. Bio Med Res Int 2016; 
2016: 8901938.

[30]	 Ho KH, Tarng YW, Chou YP and Lin HL. Permis-
sive hypotensive resuscitation in patients with 
traumatic hemorrhagic shock. Scand J Trauma 
Resusc Emerg Med 2019; 27: 14.

[31]	 Shao Z, Du Z, Wang R, Wang Z, He X, Wang H, 
Li Y, Qiu Z, Li L, Zheng C and Cheng F. Effects of 
different target blood pressure resuscitation 
on peripheral blood inflammatory factors and 
hemodynamics in patients with traumatic 
hemorrhagic shock. Zhonghua Wei Zhong Bing 
Ji Jiu Yi Xue 2019; 31: 428-433.

[32]	 Chang R and Holcomb JB. Optimal fluid thera-
py for traumatic hemorrhagic shock. Crit Care 
Clin 2017; 33: 15-36.

[33]	 Rasheed KM. Fluid therapy in trauma resusci-
tation: a review of changing practices. Bangla-
desh Critic Care J 2018; 6: 31-39.

[34]	 Lou X, Lu G, Zhao M and Jin P. Preoperative 
fluid management in traumatic shock: a retro-
spective study for identifying optimal therapy 
of fluid resuscitation for aged patients. Medi-
cine (Baltimore) 2018; 97: e9966.


