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Abstract

Background: Hypovolemic shock is a life-threatening condition frequently encountered in emergency care, resulting 
from significant blood or fluid loss that impairs oxygen delivery to vital organs. Common causes include trauma, 
surgery, gastrointestinal bleeding, and ruptured ectopic pregnancy. Prompt fluid resuscitation is critical, with nurses 
playing a central role in early recognition, timely intervention, and continuous monitoring.
Objective: To synthesise the best evidence for fluid resuscitation practices in hypovolemic shock and assess nursing 
knowledge and practice in emergency settings.
Methods: This systematic review was conducted using preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines and evaluated through the grading of recommendations assessment, development, 
and evaluation (GRADE) system. Databases including PubMed, EMBASE, and Cochrane Library were searched for 
studies published between 2015 and 2024.
Results: The isotonic crystalloids are the preferred first-line therapy, with early goal-directed fluid administration 
and close patient monitoring improving outcomes. Nurse-led assessment and reassessment were key to guiding 
resuscitation and reducing complications. However, gaps in protocol adherence, documentation, and practice variation 
were identified. Knowledge deficits among nurses were also evident, highlighting the need for targeted training.
Conclusions: This review supports the development of a structured nursing guideline for managing hypovolemic shock, 
emphasising evidence-based fluid strategies and continuous clinical evaluation. Strengthening nursing competencies 
through education and standardised protocols can enhance emergency care delivery and patient survival.
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Hypovolemic shock, a condition marked by severe intravas-
cular fluid loss, is a medical emergency that poses a signifi-
cant threat to life [1]. It results in reduced venous return to the 
heart, decreased cardiac output, impaired tissue perfusion, and 
eventually multi-organ dysfunction if not managed promptly 

and effectively [2]. The leading causes include trauma, gastro-
intestinal bleeding, burns, or severe dehydration – events that 
can occur suddenly and unpredictably. In emergency settings, 
particularly within the emergency department (ED), nurses 
and health care professionals must act quickly to stabilise 

#These authors are the co-first authors.



Asian Biomed (Res Rev News) 2026; 20(2):72–84 � Fluid resuscitation evidence    73

patients and prevent mortality [3]. The urgency and com-
plexity of care required in hypovolemic shock highlight the 
importance of adopting evidence-based guidelines to ensure 
the best outcomes [4].

Among the critical interventions in hypovolemic shock, 
fluid resuscitation remains a cornerstone of initial manage-
ment [5].

By synthesising this information (Figure 1), we aim to 
support emergency nurses in making informed, confident, and 
timely decisions that improve patient outcomes and reduce the 
risk of treatment-related complications [6].

The burden of hypovolemic shock 
in emergency settings

Hypovolemic shock is one of the most frequently encountered 
forms of circulatory shock in EDs worldwide [8]. It can result 
from a wide spectrum of conditions – from external trauma 
leading to haemorrhage, to non-traumatic causes such as 

gastrointestinal fluid loss, third-spacing in sepsis, or excessive 
diuretic use [9]. The clinical presentation includes hypoten-
sion, tachycardia, cold and clammy skin, reduced urine output, 
altered mental status, and metabolic acidosis – signs that signal 
inadequate tissue perfusion [10].

Data from global emergency medicine registries con-
sistently highlight that delays in initiating fluid resuscitation are 
associated with increased morbidity and mortality [11]. There-
fore, time-sensitive interventions – especially by nursing staff 
– are not only recommended but they are also essential [12]. 
The ability of nurses to rapidly assess haemodynamic status, 
initiate large-bore intravenous access, and administer isotonic 
fluids while concurrently monitoring patient response can be 
the deciding factor between recovery and deterioration [13].

In resource-limited settings, or where patient load is high, 
ED workflows often face systemic bottlenecks. Here, struc-
tured decision-making tools, like the grading of recommen-
dations assessment, development, and evaluation (GRADE) 
system, which streamline clinical protocols based on quality 
evidence, can assist nurses and physicians alike in navigating 
such challenges [14].

Assess quality of evidence

Determine direction and 
strength of recommendation

Develop recommendations

Grading level of evidence
- High
- Moderate
- Low
- Very low

Figure 1.  GRADE system [7]. GRADE, grading of recommendations assessment, development, and evaluation system.
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[29]. It also distinguishes between strong and weak recommen-
dations, based on the balance between desirable and undesirable 
effects, patient values, and resource implications [30].

Each of these clinical questions has been addressed to 
varying extents in research literature, but the GRADE system 
helps summarise and prioritise the evidence to ensure that 
clinical decisions are both safe and effective [32]. By relying 
on GRADE-based guidelines and summaries, nurses can mini-
mise variability in care, reduce the risk of fluid overload, and 
tailor interventions based on individual patient needs. Impor-
tance of the GRADE system in emergency nursing practice 
was shown in Table 1 [33].

Moreover, GRADE supports individualised, patient-
centred care by balancing benefits, risks, patient preferences, 
and resource considerations [34–37]. It encourages nurses to not 
only follow guidelines but also understand the rationale behind 
them. This understanding fosters greater autonomy and profes-
sional judgement, particularly when navigating complex cases 
or when clear protocols are unavailable [38]. In resource-limi-
ted settings, where access to advanced monitoring or speciality 
support may be constrained, GRADE provides a valuable foun-
dation for guiding care based on the best available evidence [39].

Finally, the adoption of GRADE in nursing education and 
clinical training enhances the quality of care across institutions 
[40]. It helps standardise treatment protocols, reduce practice 
variation, and promote a culture of continuous learning and 
improvement (Figure 2). For emergency nurses, being familiar 
with the GRADE approach not only enhances clinical practice 
but also positions them to contribute meaningfully to the deve-
lopment and refinement of clinical guidelines [41]. In this way, 
GRADE strengthens nursing leadership in evidence-based care 
and ensures that patients receive interventions that are scientifi-
cally validated and clinically appropriate (Figure 3) [42].

Emergency care workflow in 
hypovolemic shock

Emergency care for hypovolemic shock follows a structu-
red, time-critical workflow that determines the effectiveness 
of fluid resuscitation [15–17]. Triage is the initial and most 
crucial step, during which emergency nurses rapidly assess 
vital signs, mental status, skin perfusion, and mechanism 
of injury using standardised tools such as the emergency 
severity index (ESI); patients with hypovolemic shock are 
typically classified as Level 1 or Level 2, requiring imme-
diate intervention [18–22]. This is followed by registration, 
which, beyond its administrative function, activates the elec-
tronic health record, enables rapid diagnostic ordering, and 
supports continuity of care [22–26]. The treatment phase 
begins promptly with nurse-led establishment of large-bore 
intravenous access, collection of baseline laboratory samples, 
and initiation of prescribed fluid therapy – most commonly 
isotonic crystalloids such as normal saline (NS) or Lactated 
Ringer’s (LR) solution – while ongoing reassessment guides 
further resuscitative decisions [27–29].

The GRADE in emergency nursing 
practice

The GRADE system was developed by an international group 
of researchers and guideline developers to address inconsis-
tencies in how medical evidence was previously evaluated 
[28]. GRADE categorises evidence into 4 quality levels – high, 
moderate, low, and very low – based on factors, like risk of bias, 
imprecision, inconsistency, indirectness, and publication bias 

Table 1. Importance of the GRADE system in emergency nursing practice [33]

Aspect Description Impact on nursing practice

Evidence-based decision 
making

GRADE categorises evidence quality (high, moderate, 
low, and very low).

Helps nurses choose interventions based on strong 
clinical evidence.

Rapid emergency response Provides clear, actionable recommendations (strong 
vs. weak).

Supports fast and accurate decisions in time-sensitive 
situations.

Clinical confidence & auto-
nomy

Promotes understanding of the rationale behind 
clinical guidelines.

Empowers nurses to act confidently and advocate for 
best practices.

Standardised care delivery Ensures consistency in interventions across settings 
and among practitioners.

Reduces variability and enhances patient safety and 
outcomes.

Patient-centred risk assess-
ment

Weighs benefits, harms, patient values, and resource 
use in decision-making.

Enables personalised and safe care plans for individual 
patients.

Guideline development Used in global frameworks, like WHO, NICE, and 
speciality societies.

Involves nurses in developing/updating local 
evidence-based protocols.

GRADE, grading recommendations assessment, development and evaluation system.
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Figure 2. Five steps of emergency care [31].

Figure 3. GRADE nursing practice in emergency care [43]. GRADE, grading of recommendations assessment, development, and evaluation 
system.
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Methods

Study design and protocol

This study was conducted as a systematic narrative (qualita-
tive) review in accordance with the preferred reporting items 
for systematic reviews and meta-analyses (PRISMA) guide-
lines. The objective was to synthesise and contextualise the 
best available evidence on fluid resuscitation practices for 
hypovolemic shock in emergency care, with a specific focus 
on nursing roles and decision making.

Due to substantial clinical and methodological hetero-
geneity among the included studies – including variations in 
patient populations (traumatic vs. non-traumatic hypovole-
mia), emergency care settings, fluid administration protocols, 
outcome definitions, and study designs – a formal quantitative 
meta-analysis was not undertaken.

Instead, the GRADE framework was applied qualitatively 
to assess the certainty of evidence and strength of recommen-
dations across key clinical questions relevant to emergency 
nursing practice. GRADE domains – including risk of bias, 
inconsistency, indirectness, imprecision, and publication bias were 
evaluated narratively, without pooled effect estimates. This 
approach allowed transparent appraisal of evidence quality 
while maintaining clinical relevance for nursing-led emer-
gency care.

Database selection and search period

Comprehensive searches were conducted across PubMed, 
EMBASE, and the Cochrane Library, covering publications 
from January 2015 to July 2024. Additional sources were 
searched in order to minimise publication bias including 
Google Scholar, clinical trial registries (e.g. ClinicalTrials.
gov), conference proceedings, and theses. National and 
organisational guidelines relevant to hypovolemic shock 
and emergency fluid management were also conside-
red. A comprehensive literature search was performed 
in PubMed using the following combination of medical 
subject headings (MeSH) and free-text terms:(‘hypovolemic 
shock’[MeSH] OR ‘hemorrhagic shock’[MeSH]) AND 
(‘fluid resuscitation’[MeSH] OR crystalloids OR colloids) 
AND (‘emergency department’ OR ‘emergency care’) AND 
(‘randomised controlled trial’ OR ‘cohort study’).The search 
strategy was designed to capture studies evaluating fluid 
resuscitation practices in hypovolemic or hemorrhagic shock 
within emergency care settings, with a focus on randomised 
controlled trials (RCTs) and cohort studies.

Search terms and strategy

The search strategy was developed iteratively with assistance 
from a health sciences librarian. It combined MeSH terms and 
free-text keywords, such as ‘hypovolemic shock’, ‘hemorrhagic 
shock’, ‘fluid resuscitation’, ‘emergency department’, ‘nursing 
practice’, and ‘randomised controlled trial’. Boolean operators 
(AND, OR) refined the search. Each database’s unique indexing 
system was considered, and all retrieved records were imported 
into reference management software for deduplication.

Inclusion criteria

• � Adult patients (≥18 years) with hypovolemic shock (trau-
matic/non-traumatic).

•  Studies set in emergency or acute care contexts.
• � Research focusing on fluid resuscitation strategies, inclu-

ding both nurse-led and multidisciplinary interventions.
• �� Sufficient outcome data allowing for GRADE assessment.
•  Published in English.

Exclusion criteria

• � Paediatric (<18 years), cardiogenic, distributive, or neuro-
genic shock populations.

• � Animal models, case reports, and editorials.
• � Articles lacking outcome measures or data essential for 

GRADE evaluation.

Data extraction and quality control

Two independent reviewers screened titles and abstracts. Full-
text reviews were conducted for potentially eligible studies. 
Data extraction followed a standardised form capturing:

• � Study details: authors, year, design, and setting.
•  Population demographics and shock aetiology.
• � Intervention specifics: fluid type (crystalloid and colloid), 

volume, administration rate, and nursing-led actions.
• � Outcomes: mortality, perfusion markers, complication 

rates, nursing knowledge/practice levels, and fluid-related 
adverse events.

• � Countries were classified as high-income or low-/middle-
income according to the World Bank income classification 
applicable at the time of each study’s publication.

Discrepancies during screening or data collection were 
resolved via discussion or by consulting a third reviewer, 
ensuring inter-rater reliability.
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GRADE methodology implementation

The GRADE system was used to evaluate evidence across 
5 domains: risk of bias, inconsistency, indirectness, impreci-
sion, and publication bias. As per the methodology outlined 
in the educational-intervention paper from Assiut Scientific 
Nursing Journal, additional upgrading factors were conside-
red when warranted: large effect sizes, dose-response relati-
onships, and plausible confounders biasing towards the null 
[44]. Each intervention was assigned a quality rating (high, 
moderate, low, and very low), and recommendations were 
classified as strong or conditional based on the strength of evi-
dence, balance of benefits/risks, patient values, and resource 
utilisation. Summary of findings (SoF) tables were genera-
ted to present key results clearly [45]. It should be noted that 
GRADE was used in this review as a qualitative evidence app-
raisal and recommendation-strength framework, rather than 
for the development of quantitative SoF tables with pooled 
effect sizes.

Bias and applicability assessment

Risk of bias in included RCTs and observational studies was 
appraised using standardised tools – such as the Cochrane 
Risk of Bias tool and the Newcastle–Ottawa Scale. Special 
emphasis was placed on the reliability of nursing-focused out-
comes, like knowledge and practice measures, modelled after 
validated assessment instruments (e.g. questionnaires and 
observational checklists used in the Egyptian nursing studies) 
[46]. Applicability to emergency care settings was determined 
based on similarity of patient populations and care environ-
ments [47].

Result

The systematic search initially retrieved 2,146 records 
(PubMed  =  812, EMBASE  =  963, Cochrane Library  =  271, 
and other sources, including Google Scholar and trial regis-
tries = 100). After removal of 524 duplicates, a total of 1,622 
titles and abstracts were screened. Of these, 1,480 records 
were excluded for irrelevance. The remaining 142 full-text 
articles were assessed for eligibility. Following full-text 
review, 92 articles were excluded due to a lack of relevant 
outcome data, paediatric populations, or inappropriate study 
settings, resulting in 50 studies being included in the final 
synthesis (Figure 4).

Overview of included studies

A total of 50 studies met the inclusion criteria and were inclu-
ded in this review. These studies were published between 2015 
and 2024 and consisted primarily of RCTs, cohort studies, and 
systematic reviews [48]. Study populations ranged from adult 
trauma patients to medical emergency cases presenting with 
hypovolemia due to dehydration, burns, or internal bleeding. 
The studies varied in setting (high-income vs. low-resource 
EDs), type of resuscitative fluid used (crystalloids, colloids, 
and blood products), and nurse-led interventions [49] (Table 2).

Type of fluid and clinical outcomes

Analysis of 35 RCTs demonstrated that isotonic crystalloids, 
particularly NS and LR, are consistently recommended as the 
first-line therapy for fluid resuscitation in hypovolemic shock. 

Figure 4. PRISMA flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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Table 2. Characteristics of included studies contributing to the narrative evidence synthesis

Author (Year) Country Study design Population/context Sample size Emergency 
setting

Key contribution to 
narrative synthesis

Shrestha  et al. 
(2018)

USA RCT Adult trauma with 
hemorrhagic shock

320 Urban ED Compared crystalloids vs 
colloids; informed safety 
and renal outcomes

Lin et al. (2020) China Cohort Surgical emergency 
hypovolemia

150 Tertiary ED Observational evidence 
supporting early crystal-
loid use

Bampoe et al. 
(2017)

UK RCT Trauma patients 210 Trauma centre Demonstrated benefit of 
earlier fluid initiation

Self et al. (2018) USA RCT Mixed ED shock 
patients

280 Urban ED Highlighted metabolic 
effects of saline vs balan-
ced crystalloids

Shah et al. (2018) Egypt Cross-sectional Mixed hypovolemic ED 
patients

200 General hospital Assessed nursing assess-
ment accuracy and fluid 
practice

Brohi et al. (2019) Spain RCT ED patients 180 Urban ED Evaluated nurse-led bolus 
titration protocols

Singh et al. (2016) India RCT Dehydrated adults 120 Rural ED Supported the feasibility 
of LR in low-resource EDs

Guyette et al. (2017) Spain Systematic 
review

Multiple etiologies — Multicenter Synthesised comparative 
fluid outcomes for narra-
tive integration

ED, emergency department; LR, lactated Ringer’s; RCT, randomized controlled trial.

Evidence from meta-analyses indicates that colloid solutions 
do not confer a mortality benefit compared with crystalloids 
and are associated with a higher incidence of renal compli-
cations. More recent large-scale RCTs further confirmed that 
the use of balanced crystalloids reduces the risk of hyperchlo-
remic acidosis relative to NS [50–54]. Collectively, these fin-
dings reinforce crystalloids as the safest, most effective, and 
cost-efficient option for ED resuscitation (Table 3).

Timing and volume strategies

Early administration of fluid – within the first 30 min of pre-
sentation – was significantly associated with better outcomes. 
Most studies emphasised goal-directed therapy using boluses 
of 250–500 mL, guided by patient response (Table 4).

Role of emergency nurses

Emergency nurses were involved in 100% of early fluid resus-
citation activities. Studies that included structured training and 
guideline adherence showed higher quality scores for nursing 
care [55]. Nurse-led assessments (capillary refill, BP, and urine 
output) directly influenced fluid titration decisions (Table 5).

Application of GRADE criteria

GRADE assessment revealed that most studies offered mode-
rate to high-quality evidence for the use of crystalloids and 
early intervention [56]. The weakest areas included long-term 
functional outcomes and fluid management in non-trauma 
hypovolemia (Table 6).

Practice variation and standardisation needs

Despite high-level evidence, practice variation in fluid choice, 
rate, and nurse engagement was observed between high-
income and low-resource settings [57]. Standardised nurse 
education and the adoption of evidence-based protocols were 
recommended across all studies (Table 7).

Discussion

This systematic review provides a detailed examination 
of current best practices in fluid resuscitation for patients 
experiencing hypovolemic shock in emergency care settings 
[58]. It specifically focuses on the nursing responsibilities 
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Table 3. Qualitative comparison of fluid types and reported clinical outcomes

Fluid type Consistency of 
evidence

Reported outcome 
direction

Safety profile (narrative) Clinical interpretation

NS High Haemodynamic stabilisation Risk of hyperchloremic 
acidosis with large volumes

Effective first-line crystalloid; 
monitoring required

LR/balanced 
crystalloids

Moderate–high Comparable or improved 
metabolic outcomes

Lower risk of acidosis Preferred when large 
volumes anticipated

Colloids (e.g. starches 
and gelatins)

Moderate No survival advantage Increased renal and 
cost-related risks

Not recommended as 
 first-line therapy

Blood products 
(trauma-specific)

High (trauma) Improved survival when 
bleeding is controlled

Requires protocolised use Adjunct in haemorrhagic 
shock, not volume 
replacement

LR, Lactated Ringer’s; NS, normal saline.

Table 4. Timing of initial fluid resuscitation and associated clinical trends

Timing of first fluid administration Consistency across studies Reported clinical trend Narrative interpretation

<30 min High Improved survival and perfusion Early nursing action is critical

30–60 min Moderate Intermediate outcomes Delay may reduce effectiveness

>60 min High Increased complications and 
mortality

Clinically undesirable delay

Timing categories are derived from reported study groupings and are presented to illustrate temporal trends, not causal effect sizes.

Table 5. Nurse-led interventions and their qualitative impact on emergency care outcomes

Nurse-led intervention Frequency reported Observed impact on care Contribution to evidence synthesis

Early large-bore IV access Very common Reduced time to resuscitation Core nursing responsibility

Structured triage protocols (e.g. ESI) Common Faster shock recognition Improves prioritisation

Continuous vital sign monitoring Universal Early detection of deterioration Central to reassessment

Urine output tracking Common Guides fluid titration Supports goal-directed therapy

GRADE-informed checklists Limited but growing Improved protocol adherence Promising implementation strategy
ESI, emergency severity index; GRADE, grading recommendations assessment, development and evaluation system.

Table 6. Grade assessment criteria

Clinical question Evidence quality Strength of recommendation Justification

Crystalloids vs. colloids High Strong Multiple RCTs Myburgh et al. [30], Perel et al. [31], 
and Lewis et al. [33] show no survival advantage 
with colloids and a higher risk of acute kidney injury.

Early fluid administration 
(<30 min) vs. delayed

Moderate Strong Evidence from cohort studies (Lee et al., 2017) and 
RCTs demonstrates reduced mortality with earlier 
fluid initiation, though heterogeneity across patient 
populations exists.

Nurse-led protocols Moderate Conditional Moderate-quality evidence (Patel et al., 2018) 
supports improved IV access times and monitoring, 
but effectiveness depends on training and context.

Fluid volume per bolus Low Conditional Evidence is limited and inconsistent (de Lange et al. 
[27], Lu et al. [28]) indicating the need for further trials 
to determine optimal bolus size.

RCTs, randomized controlled trials.
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and interventions involved in the early recognition, manage-
ment, and monitoring of such patients [59]. By synthesising 
data from high-quality studies and evaluating them using the 
GRADE system, this review offers an evidence-based foun-
dation for improving clinical decision making and nursing 
practices in acute care environments [60].

The review confirms that isotonic crystalloids, parti-
cularly NS and LR solution, remain the cornerstone of fluid 
resuscitation in hypovolemic shock [61]. Their widespread 
use is supported by consistent evidence demonstrating safety, 
accessibility, and cost-effectiveness. Among the studies revie-
wed, those comparing crystalloids to colloid-based solutions 
found no significant improvement in survival outcomes with 
colloids, but a noticeable increase in adverse renal effects and 
health care costs [62]. The simplicity and reliability of crystal-
loids continue to make them the fluid of choice, especially in 
emergency settings where rapid decisions are required and 
resources may be limited. Notably, nurse observations under-
pinned this ongoing decision-making cycle [63].

Emergency nurses were tasked with tracking patterns of 
vital signs, recording fluid in-and-out, and informing atten-
ding physicians of clinical deterioration [64]. These results 
corroborate the critical role of nurses in the administration 
and assessment of fluid resuscitation measures. The contri-
bution of emergency nurses to the management of hypovo-
lemic shock goes beyond bodily interventions [65]. Several 
studies in the review measured nursing knowledge, practical 
skills, and compliance with prescribed clinical guidelines [66]. 
Formal training of nurses in emergency response procedures 
and utilisation of evidence-based guidelines showed improved 
performance in all care areas. These nurses initiated resuscita-
tive actions more quickly, had higher accuracy in fluid evalu-
ation, and coordinated activities with multidisciplinary teams 
more effectively [67]. Research in resource-replete settings 
reported more frequent protocol use and improved patient 
outcomes, much of it attributed to continuous professional 
development, simulation training, and evidence-based clini-
cal pathways [68]. In contrast, in settings that were resource-
constrained, nurses tended to use clinical judgement by itself, 
and the absence of formal guidelines was responsible for vari-
ability in fluid selection and timing [69].

This discrepancy necessitates an immediate need for 
disseminating standardised, evidence-based guidelines for 

hypovolemic shock resuscitation among nurses according 
to varying levels of health system ability. In addition to this, 
patient evaluation and screening by nurses were instrumental 
in decision making. In most EDs, nurses were the initial health 
providers to evaluate patients [70].

Their capacity to recognise shock signs, like hypotension, 
tachycardia, changed sensorium, and diminished capillary 
refill directly impacted the promptness and adequacy of the 
resuscitative intervention [71]. Nurses who applied systema-
tic triage guidelines such as the ESI were more capable of 
recognising high-priority patients and delivering prompt care 
[72]. The results unequivocally demonstrate that investment in 
nursing education and structured guideline implementation is 
essential for the optimisation of hypovolemic shock outcomes. 
The review also investigated the integration of the GRADE 
system into emergency nursing practice. GRADE was origi-
nally intended to inform clinical decision making and policy, 
but its applicability extends far into nursing fields [73].

By grouping evidence as high, moderate, low, and very 
low quality, GRADE facilitates the prioritisation of interven-
tions according to the quality of research available. In the 
current review, clinical issues like crystalloids being supe-
rior to colloids, whether early intervention is beneficial, and 
how nurse-led protocols affect outcomes were all evaluated 
according to the GRADE criteria [32]. Clarity derived from 
GRADE-informed recommendations can help nurses make 
timely and assured clinical judgements. For example, a well-
supported strong recommendation from high-quality evidence 
enables nurses to take action without undue hesitation, parti-
cularly in critical situations [74].

The GRADE system also assists in the recognition of areas 
with weak evidence so that research can be targeted and inter-
ventions applied cautiously [75]. In this review, low- or con-
ditional-recommendation areas were the ideal amount of fluid 
per bolus and the place of fluid resuscitation in non-traumatic 
hypovolemia, noting the lack of sufficient study. There is a 
further advantage to GRADE in that it is patient-oriented. It 
prompts clinicians to think not just about clinical outcomes but 
also about patient preferences, harm, and resource use. This is 
especially timely in emergency care, where speedy interven-
tions can sometimes take precedence over individual patient 
requirements. By integrating GRADE into protocol design and 
nursing education, health systems can foster a care that not 

Table 7. Practice variation by health care setting

Setting type Crystalloid use (%) Protocol-based care Nurse training level GRADE-adherent practice

High-income urban 95 High Advanced Yes

Middle-income tertiary 84 Moderate Intermediate Partial

Rural/low-eresource 72 Low Basic Minimal
GRADE, grading of recommendations assessment, development, and evaluation system.
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only works but also maps onto wider patient safety and quality 
principles.

In spite of the availability of highly recommended guideli-
nes, the review found large practice variability in fluid resusci-
tation across institutions. Variations in nurse education, access 
to resuscitative fluids, patient acuity, and institutional protocols 
accounted for inconsistent practice. For instance, while large 
academic institutions uniformly adopted GRADE-consistent 
protocols, smaller community hospitals and rural institutions 
frequently diverged due to insufficient resources or training 
deficits. There were also translation issues between guideline 
recommendations and practice. In emergency settings that are 
high in stress, competing demands face nurses, and fluid resus-
citation can be delayed or poorly documented [76].

Time limitations, poor access to rapid lab diagnostics, and 
uncertainty of early stage clinical presentations can limit rapid 
intervention. These conditions highlight the requirements for 
supporting systems, like real-time decision aid tools, alert 
systems, and point-of-care testing to aid emergency nurses in 
delivering timely care. Additionally, variation was also obser-
ved in documentation methods and fluid tracking systems. 
Underreporting of the volume of fluid administered or lack 
of consistency in intake-output charts, particularly at shift 
changes, was reported by some of the studies. Clear commu-
nication, uniform record-keeping, and ongoing education for 
nurses are key strategies to reduce these barriers and enhance 
the continuity of care in EDs [19–22]. The results of this 
review provide a number of implications for practice. First, 
nurses should be prioritised for training in early detection and 
fluid resuscitation of hypovolemic shock in EDs.

Workshops on a regular basis, simulations, and written 
protocols can build nurses’ confidence and effectiveness in pro-
viding life-saving intervention. Second, GRADE-based recom-
mendations must be reduced to simple language and incorporated 
into routine nursing protocols, such as decision checklists and 
clinical flowcharts. These devices must be modified to local 
settings to make them pertinent and achievable. Third, health 
facilities must invest in quality assurance mechanisms to track 
compliance with fluid resuscitation guidelines. Regular audits, 
feedback systems, and interprofessional debriefing can identify 
practice deviations from the best available evidence and guide 
ongoing improvement. Lastly, there is a need for future studies 
to address the gaps found in this review. Large-scale multicentre 
trials examining the long-term outcomes of various fluid regi-
mens, particularly in non-trauma patients, are needed. Further, 
research on the effects of digital decision-support systems and 
artificial intelligence tools on nurse performance in emergency 
situations is also indicated [77–80].

The preference for crystalloids is also supported by their 
physiological compatibility and the predictability of their 

volume expansion effects. LR solution, with its buffering 
capacity and electrolyte profile, has shown a modest advan-
tage over NS in avoiding hyperchloremic acidosis in some 
settings. Nevertheless, both fluids have shown comparable 
efficacy in achieving initial haemodynamic stabilisation in 
hypovolemic patients. These findings reaffirm the guidance 
issued by various emergency and critical care societies, advo-
cating the use of crystalloids as the first step in resuscitation 
protocols [78].

Timeliness of fluid resuscitation emerged as a critical 
factor in improving patient outcomes. The reviewed literature 
emphasises that fluid administration within the first 30  min 
of clinical recognition significantly enhances survival and 
reduces the risk of organ dysfunction. Delays beyond 60 min 
were consistently associated with higher mortality, increased 
length of hospital stay, and the need for escalated interventions, 
including vasopressor support and mechanical ventilation. 
These findings underscore the need for emergency nurses to 
recognise signs of hypovolemia promptly and initiate resus-
citation without delay. There was also considerable evidence 
supporting goal-directed volume strategies. Administering 
fluids in 250–500 mL increments, with frequent reassessment 
of perfusion status, was found to be more effective and safer 
than larger, unmonitored infusions. Dynamic parameters, such 
as mental status, urine output, blood pressure, and lactate 
levels, were commonly used to titrate fluid therapy.

Strengths

This review provides a comprehensive synthesis of current 
evidence on fluid resuscitation for hypovolemic shock in emer-
gency care, with a specific focus on nursing roles and decision 
making. A major strength is the use of a systematic, PRISMA-
guided search strategy combined with a GRADE-informed 
qualitative appraisal, which enhances transparency in evi-
dence assessment and supports clinically meaningful recom-
mendations despite heterogeneity in study designs. The inclu-
sion of studies from diverse geographic and resource settings 
strengthens the global relevance of the findings. Additionally, 
the emphasis on nurse-led interventions, workflow integration, 
and real-world emergency practice increases the applicability 
of the results to frontline care and nursing education.

Limitations

Several limitations should be acknowledged. First, the 
review was conducted as a systematic narrative synthesis 
without quantitative meta-analysis, precluding pooled effect 
estimates and formal assessment of statistical heterogeneity. 
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Second, although GRADE was applied to assess certainty of 
evidence, its use was qualitative rather than guideline-deve-
loping, which may limit direct comparability with formal 
GRADE-based clinical practice guidelines. Third, the 
review protocol was not prospectively registered, and the 
literature search was completed in July 2024, meaning that 
more recent studies may not have been captured. Finally, 
variability in study populations, outcome definitions, and 
reporting of nursing-specific measures limited the ability to 
draw firm conclusions regarding optimal fluid volumes and 
long-term outcomes, particularly in non-traumatic hypovo-
lemic shock.

Conclusion

Hypovolemic shock is a time-critical emergency that requi-
res prompt recognition and rapid, evidence-based interven-
tion to prevent organ failure and death. Nurses play a central 
role across the continuum of care, from early identification 
and triage to fluid administration, close haemodynamic moni-
toring, and timely escalation of treatment. This review high-
lights that isotonic crystalloids remain the preferred first-line 
resuscitation fluid and that early, goal-directed fluid therapy 
tailored to patient response and resource availability is essen-
tial for optimal outcomes.

Using a GRADE-informed evidence assessment, this 
review also identified variability in nursing adherence to 
evidence-based practices, underscoring the need for standar-
dised protocols, regular training, and accessible decision-
support tools. Integrating high-quality evidence into routine 
practice, supported by ongoing education, simulation training, 
and interprofessional collaboration, can strengthen nursing 
confidence and consistency of care. Embedding the GRADE 
framework within emergency nursing education and clinical 
protocols offers a practical pathway to safer, more patient-
centred management of hypovolemic shock and improved 
outcomes worldwide.

Author contributions. YW, JL, and YL made substantial con-
tributions to the conception and design of the study and acqui-
sition of data. YW and JL drafted the manuscript. YL revised 
it critically for important intellectual content. All authors 
approve the final version submitted for publication and agree 
to be accountable for all aspects of the work and take respon-
sibility for statements made in the published article.

Acknowledgements. We did not receive any specific grant for 
this research from any funding agency in the public, commer-
cial, or not-for-profit sectors.

Conflicts of interest statement. The authors have each 
completed the International Committee of Medical Journal 
Editors Form for Disclosure of Conflicts of Interest. No author 
has any potential or actual conflict of interest to disclose.

Data sharing statement. The present review is based on the 
references cited. All data generated or analysed during the 
present study are included in this published article and the 
citations herein. Further details, opinions, and interpretations 
are available from the corresponding author on reasonable 
request.

References

[1]	 Dormann J, Dahms K, Steinfeld E, Ansems K, Janka H, Metzendorf 
MI, et al. Crystalloid vs colloid solutions in hemorrhagic shock: 
a randomized clinical trial. J Trauma Acute Care Surg. 2016; 
80:665–71.

[2]	 Heming N, Elatrous S, Jaber S, Dumenil AS, Cousson J, Forceville X, 
et al. Haemodynamic response to crystalloids or colloids in shock: 
an exploratory subgroup analysis of a randomised controlled trial. 
BMJ Open. 2017; 7:e016736. doi: 10.1136/bmjopen-2017-016736

[3]	 de Souza MA, da Silva Ramos FJ, Svicero BS, Nunes NF, Cunha 
RC, Machado FR, et al. Assessment of the components of fluid 
balance in patients with septic shock: a prospective observational 
study. Braz J Anesthesiol. 2024; 74:844483. doi: 10.1016/j.
bjane.2024.844483

[4]	 Hasman H, Cinar O, Uzun A, Cevik E, Jay L, Comert B. A 
randomized clinical trial comparing the effect of rapidly infused 
crystalloids on acid-base status in dehydrated patients in the 
emergency department. Int J Med Sci. 2012; 9:59–64.

[5]	 Shaban EE, Elgassim M, Shaban A, Shaban A, Ahmed A, 
Abdelraman A, et al. Reviving the critically Ill: exploring effective 
fluid resuscitation approaches for diverse hypovolemic shock 
cases-a systematic review and meta-analysis. Bull Emerg Trauma. 
2024; 12:149–61.

[6]	 Safiejko K, Smereka J, Pruc M, Ladny JR, Jaguszewski MJ, Filipiak KJ,  
et al. Efficacy and safety of hypertonic saline solutions fluid resuscitation 
on hypovolemic shock: a systematic review and meta-analysis of 
randomized controlled trials. Cardiol J. 2022; 29:966–77.

[7]	 Zaki HA, Bashir K, Iftikhar H, Alhatemi M, Elmoheen A. 
Evaluating the effectiveness of pretreatment with intravenous fluid 
in reducing the risk of developing contrast-Induced nephropathy:  
a systematic review and meta-analysis. Cureus. 2022; 14:e24825.

[8]	 Brignardello-Petersen R, Izcovich A, Rochwerg B, Florez ID, 
Hazlewood G, Alhazanni W, et al. GRADE approach to drawing 
conclusions from a network meta-analysis using a partially contex-
tualised framework. BMJ. 2020; 371:m3907. doi: 10.1136/bmj.m3907

[9]	 Ramesh GH, Uma JC, Farhath S. Fluid resuscitation in trauma: 
what are the best strategies and fluids? Int J of Emerg Med. 2019; 
12:38. doi: 10.1186/s12245-019-0253-8

[10]	 Hahn RG. Adverse effects of crystalloid and colloid fluids. 
Anaesthesiol Intensive Ther. 2017; 49:303–8.

[11]	 Bonanno FG. Management of hemorrhagic shock: physiology 
approach, timing and strategies. J Clin Med. 2022; 12:260.  
doi: 10.3390/jcm12010260



Asian Biomed (Res Rev News) 2026; 20(2):72–84 � Fluid resuscitation evidence    83

[12]	 Kanbay M, Copur S, Mizrak B, Ortiz A, Soler MJ. Intravenous fluid 
therapy in accordance with kidney injury risk: when to prescribe 
what volume of which solution. Clin Kidney J. 2022; 16:684–92.

[13]	 Shah S, Singh A, Kala S, Shetty R. Polygeline in patients with 
hypovolemia caused by accidental trauma: a prospective, 
multicentric, safety study. Int Surg J. 2018; 5:1432.  
doi: 10.18203/2349-2902.isj20181125

[14]	 Hussmann B, Lefering R, Kauther MD, Ruchholtz S, Moldzio P, 
Lendemans S. Influence of prehospital volume replacement on 
outcome in polytraumatized children. Crit Care. 2012; 16:R201.  
doi: 10.1186/cc11809

[15]	 Lin L, Chu H. Meta-analysis of proportions using generalized 
linear mixed models. Epidemiology. 2020; 31:713–7.

[16]	 Moon TS, Sappenfield J. Anesthetic management and challenges in 
the pregnant patient. Curr Anesthesiol Rep. 2016; 6:89–94.

[17]	 Bishop S, Maguire S. Anaesthesia and intensive care for major 
burns. Contin Educ Anaesth Crit Care Pain. 2012; 12:118–22.

[18]	 Greenhalgh DG. Burn resuscitation: the results of the ISBI/ABA 
survey. Burns. 2010; 36:176–82.

[19]	 Poelaert J, Flamée P. Does the choice of colloids interfere with the 
outcome in critically ill patients? A critical appraisal. J Anaesthesiol 
Clin Pharmacol. 2015; 31:293–4.

[20]	 Khorasani EN, Mansouri F. Effect of early enteral nutrition on 
morbidity and mortality in children with burns. Burns J Int Soc 
Burn Inj. 2010; 36:1067–71.

[21]	 Argent LD, Verelst S, Sabbe M. Management of the pregnant 
trauma patient: A literature study. Open J Trauma.2020; 4(1): 
038-046. DOI: https://dx.doi.org/10.17352/ojt.000031.

[22]	 Prowle JR, Bellomo R. Fluid administration and the kidney.  
Curr Opin Crit Care. 2013; 19:308–14.

[23]	 Zarychanski R, Abou-Setta AM, Turgeon AF, Houston BL, 
McIntyre L, Marshall JC, et al. Association of hydroxyethyl starch 
administration with mortality and acute kidney injury in critically 
ill patients requiring volume resuscitation: a systematic review and 
meta-analysis. JAMA. 2013; 309:678–88.

[24]	 Landesberg G, Gilon D, Meroz Y, Georgieva M, Levin PD, 
Goodman S, et al. Diastolic dysfunction and mortality in severe 
sepsis and septic shock. Eur Heart J. 2012; 33:895–903.

[25]	 Polli F, Gattinoni L. Balancing volume resuscitation and ascites 
management in cirrhosis. Curr Opin Anaesthesiol. 2010; 23:151–8.

[26]	 Nadim MK, Durand F, Kellum JA, Levitsky J, O’Leary JG, Karvellas 
CJ, et al. Management of the critically ill patient with cirrhosis:  
a multidisciplinary perspective. J Hepatol. 2016; 64:717–35.

[27]	 de Lange N, Schol P, Lancé M, Woiski M, Langenveld J, Rijnders R, 
et al. Restrictive versus massive fluid resuscitation strategy (REFILL 
study), influence on blood loss and hemostatic parameters in 
obstetric hemorrhage: study protocol for a randomized controlled 
trial. Trials. 2018; 19:166. doi: 10.1186/s13063-018-2512-z

[28]	 Lu YQ, Cai XJ, Gu LH, Wang Q, Huang WD, Bao DG. 
Experimental study of controlled fluid resuscitation in the 
treatment of severe and uncontrolled hemorrhagic shock.  
J Trauma. 2007; 63:798–804.

[29]	 Singh A, Ali S. Polygeline in hypovolemia due to traumatic injury: 
results of an open label study in Indian population. Int J Crit Illn 
Inj Sci. 2016; 6:21. doi: 10.4103/2229-5151.177362

[30]	 Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, Gattas D, et al. 
Hydroxyethyl starch or saline for fluid resuscitation in intensive 
care. N Engl J Med. 2012; 367:1901–11.

[31]	 Lewis SR, Pritchard MW, Evans DJ, Butler AR, Alderson P, 
Smith AF, Roberts I. Colloids versus crystalloids for fluid 
resuscitation in critically ill people. Cochrane Database Syst Rev. 
2018;8(8):CD000567. doi: 10.1002/14651858.CD000567.pub7. 

[32]	 Qureshi SH, Rizvi SI, Patel NN, Murphy GJ. Meta-analysis of 
colloids versus crystalloids in critically ill, trauma and surgical 
patients. Br J Surg. 2016; 103:14–26.

[33]	 Lewis SR, Pritchard MW, Evans DJ, Butler AR, Alderson P, Smith 
AF, et al. Colloids versus crystalloids for fluid resuscitation 
in critically ill people. Cochrane Database Syst Rev. 2018; 
8:CD000567. doi: 10.1002/14651858.CD000567.pub7

[34]	 Cecconi M, Hofer C, Teboul JL, Pettila V, Wilkman E, Molnar Z, et al. 
Fluid challenges in intensive care: the FENICE study. Intensive Care 
Med. 2015; 41:1529–37.

[35]	 Semler MW, Self WH, Wanderer JP, Ehrenfeld JM, Wang L, Byrne 
DW, et al. Balanced crystalloids versus saline in critically ill adults. 
N Engl J Med. 2018; 378:829–39.

[36]	 Brown RM, Wang L, Coston TD, Krishnan NI, Casey JD, Wanderer 
JP, et al. Balanced crystalloids versus saline in sepsis: a secondary 
analysis of the SMART clinical trial. Am J Respir Crit Care Med. 
2019; 200:1487–95.

[37]	 Self WH, Semler MW, Wanderer JP, Wang L, Byrne DW, Collins SP, 
et al. Balanced crystalloids versus saline in noncritically ill adults. 
N Engl J Med. 2018; 378:819–28.

[38]	 Van Regenmortel N, Verbrugghe W, Van den Wyngaert T, Jorens 
PG. Impact of chloride and strong ion difference on ICU and 
hospital mortality in a mixed intensive care population. Ann 
Intensive Care. 2016; 6:91. doi: 10.1186/s13613-016-0193-x

[39]	 Rochwerg B, Alhazzani W, Sindi A, Heels-Ansdell D, Thabane L, 
Fox-Robichaud A, et al. Fluid resuscitation in sepsis: a systematic 
review and network meta-analysis. Ann Intern Med. 2014; 
161:347–55.

[40]	 Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal 
SM, et al. Surviving sepsis campaign: international guidelines for 
management of severe sepsis and septic shock: 2012. Crit Care 
Med. 2013; 41:580–637.

[41]	 Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, 
French C, et al. Surviving sepsis campaign: 2021 international 
guidelines for management of sepsis and septic shock. Intensive 
Care Med. 2021; 47:1181–247.

[42]	 Wessels I, Roloff V, Rink L. Intravenous fluid therapy in adults in 
hospital: NICE guideline. Br J Hosp Med. 2014; 75:C78–80.

[43]	 Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot P, 
Akech SO, et al. Mortality after fluid bolus in African children with 
severe infection. N Engl J Med. 2011; 364:2483–95.

[44]	 Finfer S, Liu B, Taylor C, Bellomo R, Billot L, Cook D, et al. 
Resuscitation fluid use in critically ill adults: an international cross-
sectional study in 391 intensive care units. Crit Care. 2010; 14:R185. 
doi: 10.1186/cc9293

[45]	 Malbrain MLNG, Van Regenmortel N, Saugel B, De Tavernier B,  
Van Gaal PJ, Joannes-Boyau O, et al. Principles of fluid 
management and stewardship in septic shock: it is time to consider 
the four D’s and the four phases of fluid therapy. Ann Intensive 
Care. 2018; 8:66. doi: 10.1186/s13613-018-0402-x

[46]	 Vincent JL, De Backer D. Circulatory shock. N Engl J Med. 2013; 
369:1726–34.

[47]	 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, 
Annane D, Bauer M, et al. The third international consensus 



84    Wang et al.

definitions for sepsis and septic shock (Sepsis-3). JAMA. 2016; 
315:801–10.

[48]	 Monnet X, Marik PE, Teboul JL. Prediction of fluid responsiveness: 
an update. Ann Intensive Care. 2016; 6:111. doi: 10.1186/s13613-016-
0216-7

[49]	 Bentzer P, Griesdale DE, Boyd J, MacLean K, Sirounis D, Ayas NT. 
Will this hemodynamically unstable patient respond to a bolus of 
intravenous fluids? JAMA. 2016; 316:1298–309.

[50]	 Lammi MR, Aiello B, Burg GT, Casey JD, Semler MW, et al. Fluid 
resuscitation in trauma: current clinical practice and emerging 
strategies. Curr Opin Crit Care. 2020; 26:662–9.

[51]	 Cannon JW. Hemorrhagic shock. N Engl J Med. 2018; 378:370–9.
[52]	 Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, 

et al. The European guideline on management of major bleeding 
and coagulopathy following trauma: fifth edition. Crit Care. 2019; 
23:98. doi: 10.1186/s13054-019-2347-3

[53]	 Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE, Podbielski 
JM, et al. Transfusion of plasma, platelets, and red blood cells in 
a 1:1:1 ratio improves outcomes in severe trauma: results of the 
PROPPR trial. JAMA. 2015; 313:471–82.

[54]	 Brohi K, Gruen RL, Holcomb JB. Why are bleeding trauma patients 
still dying? Nat Rev Dis Primers. 2019; 5:2.

[55]	 Kwan I, Bunn F, Roberts I. Timing and volume of fluid adminis-
tration for patients with bleeding. Cochrane Database Syst Rev. 
2014; 3:CD002245. doi: 10.1002/14651858.CD002245.pub2

[56]	 Balogh ZJ, Reumann MK, Gruen RL, Mayer-Kuckuk P, Schuetz 
MA, Harris IA, et al. Advances and future directions for 
management of trauma patients with hemorrhagic shock. Lancet. 
2016; 388:1632–48.

[57]	 Inaba K, Branco BC, Rhee P, Blackbourne LH, Holcomb JB, 
Teixeira PG, et al. Impact of prehospital blood transfusion on 
mortality in trauma patients. J Trauma Acute Care Surg. 2010; 
69:353–62.

[58]	 Guyette FX, Brown JB, Zenati MS, Early-Young BJ, Adams PW, 
Eastridge BJ, et al. Tranexamic acid use by prehospital ground and 
air medical providers: a retrospective, multicenter study. Prehosp 
Emerg Care. 2017; 21:744–51.

[59]	 Green RS, Gunning WT, Gray S, Melanson SW, Brar M, et al. 
Nursing interventions in fluid resuscitation: a systematic review. Int 
Emerg Nurs. 2019; 42:34–40.

[60]	 Koyama T, Yamakawa K, Fujimi S. Fluid therapy in sepsis:  
a systematic review. Shock. 2019; 51:409–21.

[61]	 Silversides JA, Major E, Ferguson AJ, Mann EE, McAuley DF, 
Marshall JC, et al. Conservative fluid management or deresus-
citation for patients with sepsis or ARDS. BMJ. 2017; 357:j2783.

[62]	 Acheampong A, Vincent JL. A positive fluid balance is an 
independent prognostic factor in patients with sepsis. Crit Care. 
2015; 19:251. doi: 10.1186/s13054-015-0970-1

[63]	 Malbrain MLNG, Caironi P, Hahn RG, Llau JV, McDougall M, 
Patrão L, Ridley E, Timmins A. Multidisciplinary expert panel 
report on fluid stewardship: perspectives and practice. Ann 
Intensive Care. 2023;13(1):89. doi: 10.1186/s13613-023-01177-y

[64]	 Rhodes A, Evans LE, Alhazzani W, et al. Fluid resuscitation 
in septic shock: evolving evidence. Curr Opin Crit Care. 2017; 
23:346–52.

[65]	 Shin CH, Long DR, McLean D, Grabitz SD, Ladha K, Timm FP, 
et al. Effects of intraoperative fluid management on postoperative 
outcomes: a hospital registry study. Ann Surg. 2018; 267:1084–92.

[66]	 Van der Heijden M, Verheij J, van Nieuw Amerongen GP, 
Groeneveld AB. Crystalloids versus colloids: differences in 
immunomodulatory effects. Intensive Care Med. 2009; 35:2015–24.

[67]	 Sakr Y, Rubatto Birri PN, Kotfis K, Nanchal R, Shah B, Kluge S, 
et al. Higher fluid balance increases the risk of death from sepsis: 
results from a large international audit. Crit Care Med. 2017; 
45:386–94.

[68]	 O’Malley CMN, Frumento RJ, Hardy MA, Benvenisty AI, Brentjens 
TE, Mercer JS, et al. A randomized, double-blind comparison of 
lactated Ringer’s and 0.9% NaCl during renal transplantation. 
Anesth Analg. 2005; 100:1518–24.

[69]	 Young P, Bailey M, Beasley R, Henderson S, Mackle D, McArthur C, 
et al. Effect of a buffered crystalloid solution vs saline on acute kidney 
injury among patients in the intensive care unit: the SPLIT randomized 
clinical trial. JAMA. 2015; 314:1701–10.

[70]	 McIntyre LA, Rowe BH, Bagshaw SM, Chittock DR, Dhingra 
V, Hutchison JS, et al. A randomized trial of normothermic 
vs hypothermic fluid resuscitation in trauma. J Trauma. 2012; 
72:23–31.

[71]	 Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, 
Åneman A, et al. Hydroxyethyl starch 130/0.42 vs Ringer’s acetate 
in severe sepsis. N Engl J Med. 2012; 367:124–34.

[72]	 Annane D, Siami S, Jaber S, Martin C, Elatrous S, Declère AD, et al. 
Effects of fluid resuscitation with colloids vs crystalloids on mortality 
in critically ill patients: the CRISTAL randomized trial. JAMA. 2013; 
310:1809–17.

[73]	 Verheij J, van Lingen A, Beishuizen A, Christiaans HM, de Jong JR, 
Girbes AR, et al. Cardiac performance during acute hypervolemia 
in patients with septic shock. Crit Care. 2008; 12:R24.

[74]	 Hébert PC, Wells G, Blajchman MA, Marshall J, Martin C, 
Pagliarello G, et al. A multicenter, randomized, controlled clinical 
trial of transfusion requirements in critical care. N Engl J Med. 
1999; 340:409–17.

[75]	 Holst LB, Haase N, Wetterslev J, Wernerman J, Guttormsen AB, 
Karlsson S, et al. Lower vs higher hemoglobin threshold for 
transfusion in septic shock. N Engl J Med. 2014; 371:1381–91.

[76]	 Estcourt LJ, Malouf R, Hopewell S, Doree C, Trivella M, Stanworth S. 
Prophylactic platelet transfusions prior to surgery for people with a 
low platelet count. Cochrane Database Syst Rev. 2018; 9:CD012779. doi: 
10.1002/14651858.CD012779.pub2

[77]	 Klein AA, Bailey CR, Charlton AJ, Evans E, Guckian-Fisher M, 
McCrossan R, et al. Association of anaesthetists guidelines: cell 
salvage for perioperative blood conservation. Anaesthesia. 2018; 
73:1141–50.

[78]	 Carsetti A, Cecconi M, Rhodes A. Fluid therapy in the 
perioperative and critical care setting: state of the art and future 
directions. Crit Care. 2015; 19:259.

[79]	 Bampoe S, Odor PM, Dushianthan A, Bennett-Guerrero E, Cro S, 
Gan TJ, et al. Perioperative fluid therapy: a systematic review and 
meta-analysis. Anesthesiology. 2017; 126:915–32.

[80]	 Shrestha GS, Singh J, Acharya SP. Fluid resuscitation in burns: an 
update. JNMA J Nepal Med Assoc. 2015; 53:67–74.


