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Abstract

Context: Critically ill patients in the intensive care unit (ICU) often experience or are at high risk of organ failure. Fluid

administration is a routine and essential intervention aimed at restoring and maintaining tissue perfusion and meeting daily

physiological needs. However, due to altered physiology, these patients are susceptible to fluid overload (FO), which has been

associated with poor clinical outcomes.

Objectives: This meta-analysis aimed to refine and strengthen the evidence for the association between FO or positive

cumulative fluid balance (CFB) and mortality, based on observational studies published over the past decade.

Data Sources: A systematic literature search was conducted across PubMed, EuropePMC, ScienceDirect, and Google Scholar for

studies published between 2013 and September 2023. Observational studies investigating FO or positive CFB in critically ill adult

patients were included. Adjusted pooled effect estimates were reported as risk ratios (RRs).

Results: A total of 34 observational studies involving 49,467 participants met the inclusion criteria. Fluid overload ≥ 10% from

baseline was associated with an increased risk of 30-day mortality [RR: 1.47 (95% CI: 1.06 - 1.89)]. Similarly, a positive 72-hour CFB

was linked to higher mortality [RR: 1.29 (95% CI: 1.14 - 1.44)]. Each 1-liter increase in CFB was also significantly associated with

increased risk [RR: 1.16 (95% CI: 1.01 - 1.33); I2 = 77.87%, p-heterogeneity = 0.019]. Furthermore, 72-hour positive CFB was strongly

associated with 90-day mortality [RR: 1.91 (95% CI: 1.49 - 2.32)].

Conclusions: This updated meta-analysis confirms that FO and positive CFB are significantly associated with increased

mortality in critically ill patients. These findings underscore the importance of fluid management strategies in the ICU to

improve clinical outcomes.
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1. Context

Patients admitted to the intensive care unit (ICU)

often experience single or multiple organ failure or are
at high risk of developing such complications (1).

Despite ongoing debate surrounding fluid

administration in the management of critical illness, it

remains a fundamental and routine component of ICU

care (2, 3). Fluid management in critically ill patients is

typically structured into three phases: Resuscitation,

replacement, and maintenance — each aimed at

restoring tissue perfusion, sustaining organ function,
and meeting daily fluid requirements (4).

Managing fluids in the ICU is a nuanced and complex

task, as both inadequate and excessive fluid

administration can adversely affect patient outcomes
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(4). Many critically ill patients exhibit only a transient

response to fluid therapy, partly due to the rapid

redistribution of fluids from the vascular compartment
and the short half-life of intravascular volume

expansion (3). Consequently, fluid overload (FO) is a
common occurrence in ICU settings.

Currently, no universally accepted threshold exists

for determining the optimal volume of fluid to

administer in critically ill patients. This lack of

consensus contributes to clinical uncertainty and

increases the risk of over-administration (4). As such,

fluids should be considered pharmacologic agents —

therapeutic in appropriate doses, but potentially

harmful when misused (5).

Emerging evidence increasingly suggests that a

positive fluid balance, particularly FO, is associated with
adverse clinical outcomes in critically ill patients (6).

Given the substantial number of studies published in

recent years, and the absence of a comprehensive

updated synthesis, this meta-analysis aims to clarify and

strengthen the understanding of the relationship
between FO [(or positive cumulative fluid balance )CFB)]

and mortality in critically ill adult populations. By

analyzing observational studies from the past decade,

we seek to provide a more current and evidence-based

perspective on this critical aspect of ICU care.

2. Data Sources

This study adhered to the preferred reporting items

for systematic reviews and meta-analyses (PRISMA)

guidelines (Figure 1), and the meta-analysis protocol was
prospectively registered in PROSPERO (registration

number: CRD42023450240).

2.1. Search Strategy

Two independent investigators (APL, EG)
systematically searched the PubMed, ScienceDirect,

Google Scholar, and EuroPMC databases using the
keywords ("critically ill" OR "critical care") AND

("intensive care unit") AND ("positive fluid balance" OR

"fluid overload") AND ("mortality") from 2012 to
September 2, 2023. Furthermore, references from

pertinent papers and reviews were assessed through
manual searching. Two independent authors separately

removed duplicates and screened the titles/abstracts of

the publications from the records. The full texts of
articles that potentially met the eligibility criteria were

evaluated based on the inclusion and exclusion criteria.

2.2. Eligibility Criteria

The current meta-analysis included all observational

cohort studies involving adult critically ill patients

(aged ≥ 18 years) receiving care in the ICU who were
assessed for fluid excess, defined as positive FO or fluid

balance (either daily or cumulative), and that reported
mortality risk estimates adjusted for various

confounding factors. We excluded the following studies:

(1) Cross-sectional, case-control, review articles,
preprints, commentaries, editorials, case reports/series,

meta-analyses, and conference abstracts; (2) studies in
languages other than English.

2.3. Exposure and Outcomes

The terms positive CFB and FO should be

distinguished. Positive CFB reflects net fluid balance

over time (intake minus losses), while FO refers to fluid

accumulation in tissues. A positive CFB does not always

indicate FO (7). Many studies used CFB due to the lack of

admission body weight data, though FO is more

accurately defined as a percentage of body weight gain,

commonly using 5% or 10% thresholds. Since no

consensus exists on a clinically significant cutoff, FO

adjusted for body weight remains the most reliable

indicator (8). This analysis also included daily mean

balance, based on fluid input and output excluding

insensible losses.

The primary outcome was all-cause mortality,

categorized as short-term (≤ 30 days), long-term (≤ 90

days), and hospital mortality (any time during

hospitalization). We evaluated the impact of FO or

positive CFB within the first 24 or 72 hours in the ICU on

these outcomes. Subgroup analyses were conducted for

general ICU patients and those with acute kidney injury

(AKI), sepsis/septic shock, and post-surgical conditions.

2.4. Data Extraction and Quality Assessment

The first author’s last name; country of study; study

design; year of publication; percentage of male

participants; number of samples; type of study; fluid

excess assessment approach; outcome evaluation;

comorbid data; adjusted effect estimates with 95%

confidence intervals (CI); and confounders were

extracted independently by the two authors. Two writers

independently evaluated the risk of bias using the

Newcastle-Ottawa Quality Assessment for Cohort Studies

(9). Studies with scores of 7 were considered of good

quality. Discrepancies during the assessment were

resolved through discussion.

2.5. Statistical Analysis
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Figure 1. Flow chart of studies selection process

Quantitative analysis was performed using STATA

version 16.1. Pooled adjusted risk ratios (RR) with 95% CI

were calculated using a random-effects DerSimonian-

Laird model. Statistical significance was set at P < 0.05.

Heterogeneity was assessed using Cochran’s Q test (P <

0.10) and the I2 statistic (>50% indicating
heterogeneity). Sensitivity analysis was performed using

a leave-one-out approach. Subgroup analyses and meta-

regression were conducted based on patient type and

fluid excess assessment to explore sources of

heterogeneity. Publication bias was evaluated using

funnel plots, Egger’s and Begg’s tests, and addressed

with trim-and-fill analysis using the linear L0 estimator.

3. Results

3.1. Baseline Characteristics

A total of 34 observational studies (27 retrospective

and 7 prospective), published between 2013 and 2023,

with a combined sample of 49,467 patients, were

included in this meta-analysis (10-44) (Appendix 2 in

Supplementary File). Quality assessments are listed in

Appendix 3 in Supplementary File. Among the included

studies, 19 assessed the association between positive CFB

(11, 13, 15-17,19, 22, 23,26-30, 32, 33, 36, 37,39, 40) 6 studies

assessed FO (12, 23, 25, 34, 35, 42), 7 studies examined CFB

on a per-litre basis (10, 18, 21, 24),(31, 38, 41), and 2 studies

evaluated daily fluid balance (14, 40).

3.2. 30-day Mortality

https://brieflands.com/articles/jcma-148524
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Figure 2. Forest plots showing pooled RR with 95% CI of positive cumulative fluid balance (CFB) at any time point on 30-day mortality based on patient type. The squares indicate
the estimated effect size and the weight of individual studies. Diamonds indicate the total effect sizes from all studies (19, 21, 22, 24, 26-29, 32, 36, 37, 43).

The analysis of positive CFB and 30-day mortality

demonstrated significant associations across several

patient groups: General patients (RR = 1.24, 95% CI = 1.03 -

1.45; I2 = 61.88%, P-heterogeneity = 0.03), patients with

AKI (RR = 1.62, 95% CI = 1.31 - 1.92; I2 = 0.00%, P-

heterogeneity = 0.46), patients with sepsis/septic shock

(RR = 1.72, 95% CI = 1.33 - 2.11; I2 = 0.00%, P-heterogeneity =

0.49), and surgical patients (RR = 2.74, 95% CI = 1.61 - 3.87;

I2 = 27.35%, P-heterogeneity = 0.25) (Figure 2).

In the subgroup analysis based on FO assessment,

significant associations were observed for FO ≥ 5% from

baseline (RR = 2.03, 95% CI = 1.36 – 2.71; I2 = 0.0%, p-

heterogeneity = 0.38), FO ≥ 10% from baseline (RR = 1.47,

95% CI = 1.06 – 1.89; I2 = 0.0%, p-heterogeneity = 0.46), first

https://brieflands.com/articles/jcma-148524
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Figure 3. Forest plots showing pooled RR with 95% CI of 30-day mortality based on fluid overload (FO) assessment. The squares indicate the estimated effect size and the weight
of individual studies. Diamonds indicate the total effect sizes from all studies (10, 15, 19, 21, 22, 24, 26-29, 32, 34-37, 42-44).

24-hour positive CFB (RR = 1.52, 95% CI = 1.01 - 2.03; I2 =

59.18%, p-heterogeneity = 0.04), 72-hour positive CFB (RR

= 1.29, 95% CI = 1.14 - 1.44; I2 = 77.39%, p-heterogeneity =

0.009), and per 1 L increase in CFB (RR = 1.16, 95% CI = 1.01

- 1.33; I2 = 77.87%, p-heterogeneity = 0.019) (Figure 3).

Meta-regression conducted on the 72-hour positive

CFB subgroup showed that body weight, diabetes

mellitus, hypertension, and cancer did not influence the

results. The increase in mortality was significantly

associated with older age (P-value < 0.001).

3.3. 90-day Mortality

https://brieflands.com/articles/jcma-148524


Lubis AP et al. Brieflands

6 J Cell Mol Anesth. 2025; 10(2): e148524

Figure 4. Forest plots showing pooled RR with 95% CI of 90-day mortality based on fluid overload (FO) assessment. The squares indicate the estimated effect size and the weight
of individual studies. Diamonds indicate the total effect sizes from all studies (11, 27, 30, 38, 41, 44).

Five studies reported a significant association

between 72-hour positive CFB and 90-day mortality (RR =

1.91, 95% CI = 1.49 - 2.32; I2 = 0.00%, P-heterogeneity =

0.042). An increase in CFB per 1 litre was also associated

with increased mortality within 90 days (RR = 1.08, 95%

CI = 1.03 - 1.14; I2 = 0.00%, P-heterogeneity = 0.047) (Figure

4).

3.4. Hospital Mortality

Positive fluid balance was significantly associated

with increased hospital mortality based on multiple

assessments:

- 24-hour CFB (RR = 1.87, 95% CI = 1.32 - 2.41; I2 = 21.13%)

- 72-hour CFB (RR = 1.62, 95% CI = 1.02 - 2.22; I2 = 78.94%)

- FO ≥ 10% from baseline (RR = 1.86, 95% CI = 1.10 - 2.62;

I2 = 0%)

- Daily fluid balance (RR = 1.29, 95% CI = 1.19 - 1.39; I2 =

0%)

However, CFB per 1 L increase did not show a

statistically significant association with hospital

mortality (RR = 1.07, 95% CI = 0.98 - 1.15; I2 = 84.97%)

(Figure 5).

3.5. Publication Bias and Sensitivity Analysis

Sensitivity analysis using the leave-one-out method

did not alter the statistical significance of the results

(data not shown). For 30-day mortality, publication bias

was suggested by Begg’s test (P = 0.08), Egger’s test (P =

0.04), and an asymmetrical funnel plot. A trim-and-fill

analysis yielded a pooled RR of 1.056 (95% CI: 1.031 - 1.081)

(Appendix 4 in Supplementary File). Similar asymmetry

was noted for 90-day and hospital mortality

(Appendices 5 and 6 in Supplementary File), with trim-

and-fill analyses resulting in pooled RRs of 1.020 (95% CI:

1.010 - 1.029) and 1.064 (95% CI: 1.049 -1.079), respectively.

4. Discussion

Pooled adjusted risk estimates indicate that FO —

whether based on body weight or CFB — is associated

https://brieflands.com/articles/jcma-148524
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Figure 5. Forest plots showing pooled RR with 95% CI of hospital mortality based on fluid overload (FO) assessment. The squares indicate the estimated effect size and the weight
of individual studies. Diamonds indicate the total effect sizes from all studies (12-14, 16-18, 31, 34, 39, 40).

with increased mortality. Subgroup analysis revealed a

significant association with 30-day mortality,

particularly among patients with AKI and those who

underwent surgery. In AKI patients, impaired fluid and

electrolyte regulation, toxin accumulation, and

increased oxidative stress may contribute to mortality

through distant organ dysfunction (45).

Surgical patients experience hormonal and

inflammatory responses that disrupt fluid balance,

leading to water and sodium retention through the

actions of antidiuretic hormone (ADH), aldosterone,

and the renin-angiotensin system (RAS), with cortisol

helping to maintain capillary integrity (46).

Inflammatory mediators such as IL-6 and TNF, released

https://brieflands.com/articles/jcma-148524
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in response to surgical trauma, further exacerbate fluid

retention (47). Perioperative factors — including

preoperative fluid deficits, anesthetic effects, and efforts

to maintain urine output — often contribute to FO (48).

This excess can impair cardiac function and result in

pulmonary complications like edema and respiratory

failure, ultimately increasing postoperative mortality.

Sepsis, particularly septic shock, involves a state of

reduced blood flow caused by the body’s dysregulated

response to infection and is associated with high rates

of morbidity and mortality (16). Upon exposure to an

infectious agent, both pro-inflammatory and anti-

inflammatory immune responses are activated,

involving complex interactions between white blood

cells, inflammatory cytokines, and the endothelium

(49). The endothelium, as the primary site of immune

activation, undergoes microvascular injury and triggers

both coagulation and complement cascades, which

further exacerbate vascular damage and result in

capillary leakage (50). This increases interstitial fluid

accumulation, especially in the context of aggressive

fluid administration.

This meta-analysis examined various methods of

fluid excess assessment. Most studies measured CFB

over the first 24 - 72 hours in the ICU, while only a few

utilized daily fluid balance (14, 40). Although body

weight measurement is considered a reliable indicator

of fluid status, it is often impractical in critically ill

patients, prompting clinicians to rely on fluid intake

and output monitoring (8). However, daily fluid balance

is susceptible to documentation errors, does not

account for insensible losses, and is time-consuming

(51). Furthermore, studies have shown that fluid balance

does not always correlate with body weight changes,

particularly in patients hospitalized for five days or

more. Despite these limitations, CFB remains a

commonly used method for estimating total body water

in ICU settings (52).

Subgroup analysis showed that nearly all fluid excess

assessment methods were generally associated with

mortality. Nonetheless, some studies in this meta-

analysis reported no significant associations (19, 25).

One retrospective study on septic shock patients found

that, after adjusting for illness severity and achievement

of treatment goals, FO was not a significant predictor of

mortality. This suggests that while FO may be more

common in severely ill patients, its impact can be

mitigated by early goal-directed therapy (25). Another

study found no significant difference in mortality

between 24-hour and 72-hour fluid balances, suggesting

that fluid accumulation beyond the initial resuscitation

phase may have a stronger link to adverse outcomes (19).

The association between fluid balance and mortality

is largely due to increased atrial and venous pressures

resulting from excessive fluid intake, which leads to

tissue edema and impaired organ function. These

pathophysiological mechanisms can ultimately result

in multiple organ failure (53). The effect is more

pronounced in encapsulated organs, which cannot

accommodate excess fluid without increasing

interstitial pressure — ultimately reducing perfusion

and organ function (54). In the FEAST trial, excess fluid

was linked to myocardial injury, which exacerbated

circulatory collapse and led to death (55).

To date, debate continues regarding optimal fluid

administration strategies for critically ill patients —

specifically between restrictive strategies (which

emphasize lower intravenous fluid volumes with early

use of vasopressors) and liberal strategies (which

prioritize fluid resuscitation before vasopressor

initiation). So far, neither approach has shown a

definitive mortality benefit (56).

This meta-analysis has several limitations. First,

publication bias was indicated by asymmetrical funnel

plots, although trim-and-fill analysis confirmed that

results remained statistically significant. Second,

variations in the definitions of FO across studies

required subgroup analyses. Third, this study focused

exclusively on mortality, limiting insights into other

clinically relevant outcomes. Lastly, as with all

observational studies, residual confounding may exist,

which could lead to an overestimation of the observed

effects. Further research is warranted to address these

limitations.

5. Conclusions

Pooled adjusted risk estimates from this meta-

analysis demonstrate that FO or positive CFB is

associated with increased mortality. Patient survival

outcomes depend on the balance between disease

severity and achievement of treatment goals, regardless

of the method used to assess fluid status or the strategy

employed to manage it.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Footnotes

https://brieflands.com/articles/jcma-148524
https://jcma.brieflands.com/cdn/dl/4bc72c56-5c8a-11f0-9ad1-6724a59573d5


Lubis AP et al. Brieflands

J Cell Mol Anesth. 2025; 10(2): e148524 9

Authors' Contribution: A. P., E. G., and M. K.: Study

concept and design; A. P., E. G., M. K., and T. S.: Acquisition

of data; E. G., T. S., and H. Z.: Analysis and interpretation

of data; H. Z. and M. K.: Drafting the manuscript; A. P. and

E. G.: Critical revision of the manuscript for important

intellectual content; E. G., T. S., and H. Z.: Statistical

analysis; M. K. and T. S.: Administrative, technical, and

material support; A. P. and E. G.: Study supervision.

Conflict of Interests Statement: The authors declare

no conflict of interests.

Data Availability: The data presented in this study are

uploaded during submission as a supplementary file

and are openly available for readers upon request.

Funding/Support: This study has not received any

funding/support.

References

1. Bollaert PE, Monnier A, Schneider F, Argaud L, Badie J, Charpentier C,

et al. Fluid balance control in critically ill patients: results from

POINCARE-2 stepped wedge cluster-randomized trial. Crit Care.

2023;27(1):66. [PubMed ID: 36810101]. [PubMed Central ID:

PMC9945675]. https://doi.org/10.1186/s13054-023-04357-1.

2. Messina A, Bakker J, Chew M, De Backer D, Hamzaoui O, Hernandez G,

et al. Pathophysiology of fluid administration in critically ill

patients. Intensive Care Med Exp. 2022;10(1):46. [PubMed ID:

36329266]. [PubMed Central ID: PMC9633880].

https://doi.org/10.1186/s40635-022-00473-4.

3. Hammond NE, Taylor C, Finfer S, Machado FR, An Y, Billot L, et al.

Patterns of intravenous fluid resuscitation use in adult intensive

care patients between 2007 and 2014: An international cross-

sectional study. PLoS One. 2017;12(5). e0176292. [PubMed ID:

28498856]. [PubMed Central ID: PMC5428917].

https://doi.org/10.1371/journal.pone.0176292.

4. Finfer S, Myburgh J, Bellomo R. Intravenous fluid therapy in critically

ill adults. Nat Rev Nephrol. 2018;14(9):541-57. [PubMed ID: 30072710].

https://doi.org/10.1038/s41581-018-0044-0.

5. Malbrain M, 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(1):66.

[PubMed ID: 29789983]. [PubMed Central ID: PMC5964054].

https://doi.org/10.1186/s13613-018-0402-x.

6. Messmer AS, Zingg C, Müller M, Gerber JL, Schefold JC, Pfortmueller

CA. Fluid Overload and Mortality in Adult Critical Care Patients-A

Systematic Review and Meta-Analysis of Observational Studies. Crit

Care Med. 2020;48(12):1862-70. [PubMed ID: 33009098].

https://doi.org/10.1097/ccm.0000000000004617.

7. Messmer AS, Moser M, Zuercher P, Schefold JC, Müller M, Pfortmueller

CA. Fluid Overload Phenotypes in Critical Illness-A Machine Learning

Approach. J Clin Med. 2022;11(2). [PubMed ID: 35054030]. [PubMed

Central ID: PMC8780174]. https://doi.org/10.3390/jcm11020336.

8. Hansen B. Fluid Overload. Front Vet Sci. 2021;8:668688. [PubMed ID:

34268347]. [PubMed Central ID: PMC8275824].

https://doi.org/10.3389/fvets.2021.668688.

9. Bae JM. A suggestion for quality assessment in systematic reviews of

observational studies in nutritional epidemiology. Epidemiol Health.

2016;38. e2016014. [PubMed ID: 27156344]. [PubMed Central ID:

PMC4877518]. https://doi.org/10.4178/epih.e2016014.

10. Teixeira C, Garzotto F, Piccinni P, Brienza N, Iannuzzi M,

Gramaticopolo S, et al. Fluid balance and urine volume are

independent predictors of mortality in acute kidney injury. Crit Care.

2013;17(1):R14. [PubMed ID: 23347825]. [PubMed Central ID:

PMC4057508]. https://doi.org/10.1186/cc12484.

11. Schmidt M, Bailey M, Kelly J, Hodgson C, Cooper DJ, Scheinkestel C, et

al. Impact of fluid balance on outcome of adult patients treated with

extracorporeal membrane oxygenation. Intensive Care Med.

2014;40(9):1256-66. [PubMed ID: 24934814]. [PubMed Central ID:

PMC7094895]. https://doi.org/10.1007/s00134-014-3360-2.

12. Silversides JA, Pinto R, Kuint R, Wald R, Hladunewich MA, Lapinsky

SE, et al. Fluid balance, intradialytic hypotension, and outcomes in

critically ill patients undergoing renal replacement therapy: a

cohort study. Crit Care. 2014;18(6):624. [PubMed ID: 25407408].

[PubMed Central ID: PMC4255668]. https://doi.org/10.1186/s13054-014-

0624-8.

13. Sadaka F, Juarez M, Naydenov S, O'Brien J. Fluid resuscitation in

septic shock: the effect of increasing fluid balance on mortality. J

Intensive Care Med. 2014;29(4):213-7. [PubMed ID: 23753235].

https://doi.org/10.1177/0885066613478899.

14. Barmparas G, Liou D, Lee D, Fierro N, Bloom M, Ley E, et al. Impact of

positive fluid balance on critically ill surgical patients: a prospective

observational study. J Crit Care. 2014;29(6):936-41. [PubMed ID:

25085510]. https://doi.org/10.1016/j.jcrc.2014.06.023.

15. Wang N, Jiang L, Zhu B, Wen Y, Xi XM. Fluid balance and mortality in

critically ill patients with acute kidney injury: a multicenter

prospective epidemiological study. Crit Care. 2015;19:371. [PubMed ID:

26494153]. [PubMed Central ID: PMC4619072].

https://doi.org/10.1186/s13054-015-1085-4.

16. Kelm DJ, Perrin JT, Cartin-Ceba R, Gajic O, Schenck L, Kennedy CC.

Fluid overload in patients with severe sepsis and septic shock treated

with early goal-directed therapy is associated with increased acute

need for fluid-related medical interventions and hospital death.

Shock. 2015;43(1):68-73. [PubMed ID: 25247784]. [PubMed Central ID:

PMC4269557]. https://doi.org/10.1097/shk.0000000000000268.

17. Koonrangsesomboon W, Khwannimit B. Impact of positive fluid

balance on mortality and length of stay in septic shock patients.

Indian J Crit Care Med. 2015;19(12):708-13. [PubMed ID: 26813080].

[PubMed Central ID: PMC4711202]. https://doi.org/10.4103/0972-

5229.171356.

18. Neyra JA, Li X, Canepa-Escaro F, Adams-Huet B, Toto RD, Yee J, et al.

Cumulative Fluid Balance and Mortality in Septic Patients With or

Without Acute Kidney Injury and Chronic Kidney Disease. Crit Care

Med. 2016;44(10):1891-900. [PubMed ID: 27352125]. [PubMed Central

ID: PMC5505731]. https://doi.org/10.1097/ccm.0000000000001835.

19. 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(3):386-94.

[PubMed ID: 27922878].

https://doi.org/10.1097/ccm.0000000000002189.

20. Brotfain E, Koyfman L, Toledano R, Borer A, Fucs L, Galante O, et al.

Positive fluid balance as a major predictor of clinical outcome of

patients with sepsis/septic shock after ICU discharge. Am J Emerg Med.

2016;34(11):2122-6. [PubMed ID: 27553826].

https://doi.org/10.1016/j.ajem.2016.07.058.

21. Chao WC, Tseng CH, Chien YC, Sheu CC, Tsai MJ, Fang WF, et al.

Association of day 4 cumulative fluid balance with mortality in

critically ill patients with influenza: A multicenter retrospective

cohort study in Taiwan. PLoS One. 2018;13(1). e0190952. [PubMed ID:

29315320]. [PubMed Central ID: PMC5760042].

https://doi.org/10.1371/journal.pone.0190952.

https://brieflands.com/articles/jcma-148524
http://www.ncbi.nlm.nih.gov/pubmed/36810101
https://www.ncbi.nlm.nih.gov/pmc/PMC9945675
https://doi.org/10.1186/s13054-023-04357-1
http://www.ncbi.nlm.nih.gov/pubmed/36329266
https://www.ncbi.nlm.nih.gov/pmc/PMC9633880
https://doi.org/10.1186/s40635-022-00473-4
http://www.ncbi.nlm.nih.gov/pubmed/28498856
https://www.ncbi.nlm.nih.gov/pmc/PMC5428917
https://doi.org/10.1371/journal.pone.0176292
http://www.ncbi.nlm.nih.gov/pubmed/30072710
https://doi.org/10.1038/s41581-018-0044-0
http://www.ncbi.nlm.nih.gov/pubmed/29789983
https://www.ncbi.nlm.nih.gov/pmc/PMC5964054
https://doi.org/10.1186/s13613-018-0402-x
http://www.ncbi.nlm.nih.gov/pubmed/33009098
https://doi.org/10.1097/ccm.0000000000004617
http://www.ncbi.nlm.nih.gov/pubmed/35054030
https://www.ncbi.nlm.nih.gov/pmc/PMC8780174
https://doi.org/10.3390/jcm11020336
http://www.ncbi.nlm.nih.gov/pubmed/34268347
https://www.ncbi.nlm.nih.gov/pmc/PMC8275824
https://doi.org/10.3389/fvets.2021.668688
http://www.ncbi.nlm.nih.gov/pubmed/27156344
https://www.ncbi.nlm.nih.gov/pmc/PMC4877518
https://doi.org/10.4178/epih.e2016014
http://www.ncbi.nlm.nih.gov/pubmed/27156344
https://www.ncbi.nlm.nih.gov/pmc/PMC4877518
https://doi.org/10.4178/epih.e2016014
http://www.ncbi.nlm.nih.gov/pubmed/23347825
https://www.ncbi.nlm.nih.gov/pmc/PMC4057508
https://doi.org/10.1186/cc12484
http://www.ncbi.nlm.nih.gov/pubmed/24934814
https://www.ncbi.nlm.nih.gov/pmc/PMC7094895
https://doi.org/10.1007/s00134-014-3360-2
http://www.ncbi.nlm.nih.gov/pubmed/25407408
https://www.ncbi.nlm.nih.gov/pmc/PMC4255668
https://doi.org/10.1186/s13054-014-0624-8
https://doi.org/10.1186/s13054-014-0624-8
http://www.ncbi.nlm.nih.gov/pubmed/23753235
https://doi.org/10.1177/0885066613478899
http://www.ncbi.nlm.nih.gov/pubmed/25085510
https://doi.org/10.1016/j.jcrc.2014.06.023
http://www.ncbi.nlm.nih.gov/pubmed/26494153
https://www.ncbi.nlm.nih.gov/pmc/PMC4619072
https://doi.org/10.1186/s13054-015-1085-4
http://www.ncbi.nlm.nih.gov/pubmed/25247784
https://www.ncbi.nlm.nih.gov/pmc/PMC4269557
https://doi.org/10.1097/shk.0000000000000268
http://www.ncbi.nlm.nih.gov/pubmed/26813080
https://www.ncbi.nlm.nih.gov/pmc/PMC4711202
https://doi.org/10.4103/0972-5229.171356
https://doi.org/10.4103/0972-5229.171356
http://www.ncbi.nlm.nih.gov/pubmed/27352125
https://www.ncbi.nlm.nih.gov/pmc/PMC5505731
https://doi.org/10.1097/ccm.0000000000001835
http://www.ncbi.nlm.nih.gov/pubmed/27922878
https://doi.org/10.1097/ccm.0000000000002189
http://www.ncbi.nlm.nih.gov/pubmed/27553826
https://doi.org/10.1016/j.ajem.2016.07.058
http://www.ncbi.nlm.nih.gov/pubmed/29315320
https://www.ncbi.nlm.nih.gov/pmc/PMC5760042
https://doi.org/10.1371/journal.pone.0190952


Lubis AP et al. Brieflands

10 J Cell Mol Anesth. 2025; 10(2): e148524

22. Codes L, de Souza YG, D'Oliveira RAC, Bastos JLA, Bittencourt PL.

Cumulative positive fluid balance is a risk factor for acute kidney

injury and requirement for renal replacement therapy after liver

transplantation. World J Transplant. 2018;8(2):44-51. [PubMed ID:

29696105]. [PubMed Central ID: PMC5915376].

https://doi.org/10.5500/wjt.v8.i2.44.

23. Kim IY, Kim JH, Lee DW, Lee SB, Rhee H, Seong EY, et al. Fluid overload

and survival in critically ill patients with acute kidney injury

receiving continuous renal replacement therapy. PLoS One. 2017;12(2).

e0172137. [PubMed ID: 28196107]. [PubMed Central ID: PMC5308862].

https://doi.org/10.1371/journal.pone.0172137.

24. Silversides JA, Fitzgerald E, Manickavasagam US, Lapinsky SE,

Nisenbaum R, Hemmings N, et al. Deresuscitation of Patients With

Iatrogenic Fluid Overload Is Associated With Reduced Mortality in

Critical Illness. Crit Care Med. 2018;46(10):1600-7. [PubMed ID:

29985214]. https://doi.org/10.1097/ccm.0000000000003276.

25. Espinosa-Almanza CJ, Sanabria-Rodríguez O, Riaño-Forero I, Toro-

Trujillo E. Fluid overload in patients with septic shock and lactate

clearance as a therapeutic goal: a retrospective cohort study. Rev Bras

Ter Intensiva. 2020;32(1):99-107. [PubMed ID: 32401993]. [PubMed

Central ID: PMC7206954]. https://doi.org/10.5935/0103-

507x.20200015.

26. Huang AC, Lee TY, Ko MC, Huang CH, Wang TY, Lin TY, et al. Fluid

balance correlates with clinical course of multiple organ

dysfunction syndrome and mortality in patients with septic shock.

PLoS One. 2019;14(12). e0225423. [PubMed ID: 31790451]. [PubMed

Central ID: PMC6886786].

https://doi.org/10.1371/journal.pone.0225423.

27. van Mourik N, Metske HA, Hofstra JJ, Binnekade JM, Geerts BF, Schultz

MJ, et al. Cumulative fluid balance predicts mortality and increases

time on mechanical ventilation in ARDS patients: An observational

cohort study. PLoS One. 2019;14(10). e0224563. [PubMed ID: 31665179].

[PubMed Central ID: PMC6821102].

https://doi.org/10.1371/journal.pone.0224563.

28. Oh TK, Song IA, Do SH, Jheon S, Lim C. Association of perioperative

weight-based fluid balance with 30-day mortality and acute kidney

injury among patients in the surgical intensive care unit. J Anesth.

2019;33(3):354-63. [PubMed ID: 30919134].

https://doi.org/10.1007/s00540-019-02630-8.

29. Branan T, Smith SE, Newsome AS, Phan R, Hawkins WA. Association of

hidden fluid administration with development of fluid overload

reveals opportunities for targeted fluid minimization. SAGE Open

Med. 2020;8:2050312120979460. [PubMed ID: 33343899]. [PubMed

Central ID: PMC7731699]. https://doi.org/10.1177/2050312120979464.

30. Gunning S, Kutuby F, Rose R, Trevino S, Song T, Koyner JL. Fluid

Overload and Mortality in Patients with Severe Acute Kidney Injury

and Extracorporeal Membrane Oxygenation. Kidney360.

2020;1(4):232-40. [PubMed ID: 35372918]. [PubMed Central ID:

PMC8809269]. https://doi.org/10.34067/kid.0000402019.

31. Hall A, Crichton S, Dixon A, Skorniakov I, Kellum JA, Ostermann M.

Fluid removal associates with better outcomes in critically ill

patients receiving continuous renal replacement therapy: a cohort

study. Crit Care. 2020;24(1):279. [PubMed ID: 32487189]. [PubMed

Central ID: PMC7268712]. https://doi.org/10.1186/s13054-020-02986-4.

32. Jhee JH, Park JY, An JN, Kim DK, Joo KW, Oh YK, et al. Cumulative fluid

balance and mortality in elderly patients with acute kidney injury

requiring continuous renal-replacement therapy: a multicenter

prospective cohort study. Kidney Res Clin Practice. 2020;39(4):414-25.

https://doi.org/10.23876/j.krcp.20.089.

33. Wang M, Zhu B, Jiang L, Luo X, Wang N, Zhu Y, et al. Association

between Latent Trajectories of Fluid Balance and Clinical Outcomes

in Critically Ill Patients with Acute Kidney Injury: A Prospective

Multicenter Observational Study. Kidney Dis (Basel). 2022;8(1):82-92.

[PubMed ID: 35224009]. [PubMed Central ID: PMC8820145].

https://doi.org/10.1159/000515533.

34. Wang M, Zhu B, Jiang L, Wen Y, Du B, Li W, et al. Dose-response

association between fluid overload and in-hospital mortality in

critically ill patients: a multicentre, prospective, observational

cohort study. BMJ Open. 2020;10(12). e039875. [PubMed ID: 33372073].

[PubMed Central ID: PMC7772328]. https://doi.org/10.1136/bmjopen-

2020-039875.

35. Fang J, Wang M, Gong S, Cui N, Xu L. Increased 28-day mortality due

to fluid overload prior to continuous renal replacement in sepsis

associated acute kidney injury. Ther Apher Dial. 2022;26(2):288-96.

[PubMed ID: 34436823]. https://doi.org/10.1111/1744-9987.13727.

36. Lee JH, Won JY, Kim JE, Kim HJ, Jung JS, Son HS. Association between

Cumulative Fluid Balance and Outcomes in Acute Respiratory

Distress Syndrome Patients Treated with Extracorporeal Membrane

Oxygenation. J Chest Surg. 2021;54(1):36-44. [PubMed ID: 33767009].

[PubMed Central ID: PMC7946521].

https://doi.org/10.5090/kjtcs.20.123.

37. Lin J, Zhuang HZ, Zhi Y, Qi Z, Bai J, Dong L, et al. Impact of Cumulative

Fluid Balance During Continuous Renal Replacement Therapy on

Mortality in Patients With Septic Acute Kidney Injury: A

Retrospective Cohort Study. Front Med (Lausanne). 2021;8:762112.

[PubMed ID: 34869467]. [PubMed Central ID: PMC8636134].

https://doi.org/10.3389/fmed.2021.762112.

38. Chiu LC, Chuang LP, Lin SW, Chiou YC, Li HH, Chen YC, et al.

Cumulative Fluid Balance during Extracorporeal Membrane

Oxygenation and Mortality in Patients with Acute Respiratory

Distress Syndrome. Membranes (Basel). 2021;11(8). [PubMed ID:

34436331]. [PubMed Central ID: PMC8402131].

https://doi.org/10.3390/membranes11080567.

39. Wang MP, Jiang L, Zhu B, Du B, Li W, He Y, et al. Association of fluid

balance trajectories with clinical outcomes in patients with septic

shock: a prospective multicenter cohort study. Mil Med Res.

2021;8(1):40. [PubMed ID: 34225807]. [PubMed Central ID:

PMC8258941]. https://doi.org/10.1186/s40779-021-00328-1.

40. Zhang L, Xu F, Li S, Zheng X, Zheng S, Liu H, et al. Influence of fluid

balance on the prognosis of patients with sepsis. BMC Anesthesiol.

2021;21(1):269. [PubMed ID: 34740312]. [PubMed Central ID:

PMC8569078]. https://doi.org/10.1186/s12871-021-01489-1.

41. Shah A, Menaker J, Mazzeffi MA, Galvagno SM, Deatrick KB, Madathil

RJ, et al. Association of Volume Status During Veno-Venous

Extracorporeal Membrane Oxygenation with Outcome. Asaio j.

2022;68(10):1290-6. [PubMed ID: 34967789].

https://doi.org/10.1097/mat.0000000000001642.

42. Waskowski J, Michel MC, Steffen R, Messmer AS, Pfortmueller CA.

Fluid overload and mortality in critically ill patients with severe

heart failure and cardiogenic shock-An observational cohort study.

Front Med (Lausanne). 2022;9:1040055. [PubMed ID: 36465945].

[PubMed Central ID: PMC9712448].

https://doi.org/10.3389/fmed.2022.1040055.

43. Zhang B, Guo S, Fu Z, Wu N, Liu Z. Association between fluid balance

and mortality for heart failure and sepsis: a propensity score-

matching analysis. BMC Anesthesiol. 2022;22(1):324. [PubMed ID:

36273128]. [PubMed Central ID: PMC9587660].

https://doi.org/10.1186/s12871-022-01865-5.

44. Kim H, Paek JH, Song JH, Lee H, Jhee JH, Park S, et al. Permissive fluid

volume in adult patients undergoing extracorporeal membrane

oxygenation treatment. Crit Care. 2018;22(1):270. [PubMed ID:

30367643]. [PubMed Central ID: PMC6203979].

https://doi.org/10.1186/s13054-018-2211-x.

45. Abebe A, Kumela K, Belay M, Kebede B, Wobie Y. Mortality and

predictors of acute kidney injury in adults: a hospital-based

prospective observational study. Sci Rep. 2021;11(1):15672. [PubMed ID:

https://brieflands.com/articles/jcma-148524
http://www.ncbi.nlm.nih.gov/pubmed/29696105
https://www.ncbi.nlm.nih.gov/pmc/PMC5915376
https://doi.org/10.5500/wjt.v8.i2.44
http://www.ncbi.nlm.nih.gov/pubmed/28196107
https://www.ncbi.nlm.nih.gov/pmc/PMC5308862
https://doi.org/10.1371/journal.pone.0172137
http://www.ncbi.nlm.nih.gov/pubmed/29985214
https://doi.org/10.1097/ccm.0000000000003276
http://www.ncbi.nlm.nih.gov/pubmed/32401993
https://www.ncbi.nlm.nih.gov/pmc/PMC7206954
https://doi.org/10.5935/0103-507x.20200015
https://doi.org/10.5935/0103-507x.20200015
http://www.ncbi.nlm.nih.gov/pubmed/31790451
https://www.ncbi.nlm.nih.gov/pmc/PMC6886786
https://doi.org/10.1371/journal.pone.0225423
http://www.ncbi.nlm.nih.gov/pubmed/31665179
https://www.ncbi.nlm.nih.gov/pmc/PMC6821102
https://doi.org/10.1371/journal.pone.0224563
http://www.ncbi.nlm.nih.gov/pubmed/30919134
https://doi.org/10.1007/s00540-019-02630-8
http://www.ncbi.nlm.nih.gov/pubmed/33343899
https://www.ncbi.nlm.nih.gov/pmc/PMC7731699
https://doi.org/10.1177/2050312120979464
http://www.ncbi.nlm.nih.gov/pubmed/35372918
https://www.ncbi.nlm.nih.gov/pmc/PMC8809269
https://doi.org/10.34067/kid.0000402019
http://www.ncbi.nlm.nih.gov/pubmed/32487189
https://www.ncbi.nlm.nih.gov/pmc/PMC7268712
https://doi.org/10.1186/s13054-020-02986-4
https://doi.org/10.23876/j.krcp.20.089
http://www.ncbi.nlm.nih.gov/pubmed/35224009
https://www.ncbi.nlm.nih.gov/pmc/PMC8820145
https://doi.org/10.1159/000515533
http://www.ncbi.nlm.nih.gov/pubmed/35224009
https://www.ncbi.nlm.nih.gov/pmc/PMC8820145
https://doi.org/10.1159/000515533
http://www.ncbi.nlm.nih.gov/pubmed/33372073
https://www.ncbi.nlm.nih.gov/pmc/PMC7772328
https://doi.org/10.1136/bmjopen-2020-039875
https://doi.org/10.1136/bmjopen-2020-039875
http://www.ncbi.nlm.nih.gov/pubmed/34436823
https://doi.org/10.1111/1744-9987.13727
http://www.ncbi.nlm.nih.gov/pubmed/33767009
https://www.ncbi.nlm.nih.gov/pmc/PMC7946521
https://doi.org/10.5090/kjtcs.20.123
http://www.ncbi.nlm.nih.gov/pubmed/34869467
https://www.ncbi.nlm.nih.gov/pmc/PMC8636134
https://doi.org/10.3389/fmed.2021.762112
http://www.ncbi.nlm.nih.gov/pubmed/34436331
https://www.ncbi.nlm.nih.gov/pmc/PMC8402131
https://doi.org/10.3390/membranes11080567
http://www.ncbi.nlm.nih.gov/pubmed/34225807
https://www.ncbi.nlm.nih.gov/pmc/PMC8258941
https://doi.org/10.1186/s40779-021-00328-1
http://www.ncbi.nlm.nih.gov/pubmed/34740312
https://www.ncbi.nlm.nih.gov/pmc/PMC8569078
https://doi.org/10.1186/s12871-021-01489-1
http://www.ncbi.nlm.nih.gov/pubmed/34967789
https://doi.org/10.1097/mat.0000000000001642
http://www.ncbi.nlm.nih.gov/pubmed/36465945
https://www.ncbi.nlm.nih.gov/pmc/PMC9712448
https://doi.org/10.3389/fmed.2022.1040055
http://www.ncbi.nlm.nih.gov/pubmed/36273128
https://www.ncbi.nlm.nih.gov/pmc/PMC9587660
https://doi.org/10.1186/s12871-022-01865-5
http://www.ncbi.nlm.nih.gov/pubmed/30367643
https://www.ncbi.nlm.nih.gov/pmc/PMC6203979
https://doi.org/10.1186/s13054-018-2211-x


Lubis AP et al. Brieflands

J Cell Mol Anesth. 2025; 10(2): e148524 11

34341369]. [PubMed Central ID: PMC8329200].

https://doi.org/10.1038/s41598-021-94946-3.

46. Holte K, Sharrock NE, Kehlet H. Pathophysiology and clinical

implications of perioperative fluid excess. Br J Anaesth.

2002;89(4):622-32. [PubMed ID: 12393365].

https://doi.org/10.1093/bja/aef220.

47. Margraf A, Ludwig N, Zarbock A, Rossaint J. Systemic Inflammatory

Response Syndrome After Surgery: Mechanisms and Protection.

Anesth Analg. 2020;131(6):1693-707. [PubMed ID: 33186158].

https://doi.org/10.1213/ane.0000000000005175.

48. Voldby AW, Brandstrup B. Fluid therapy in the perioperative setting-a

clinical review. J Intensive Care. 2016;4:27. [PubMed ID: 27087980].

[PubMed Central ID: PMC4833950]. https://doi.org/10.1186/s40560-

016-0154-3.

49. Jarczak D, Kluge S, Nierhaus A. Sepsis-Pathophysiology and

Therapeutic Concepts. Front Med (Lausanne). 2021;8:628302. [PubMed

ID: 34055825]. [PubMed Central ID: PMC8160230].

https://doi.org/10.3389/fmed.2021.628302.

50. Mahapatra S, Heffner AC. Septic Shock. Treasure Island (FL): StatPearls

Publishing; 2025. [PubMed ID: 28613689].

51. Davies H, Leslie G, Jacob E, Morgan D. Estimation of Body Fluid Status

by Fluid Balance and Body Weight in Critically Ill Adult Patients: A

Systematic Review. Worldviews Evid Based Nurs. 2019;16(6):470-7.

[PubMed ID: 31811748]. https://doi.org/10.1111/wvn.12394.

52. Köster M, Dennhardt S, Jüttner F, Hopf HB. Cumulative changes in

weight but not fluid volume balances reflect fluid accumulation in

ICU patients. Acta Anaesthesiol Scand. 2017;61(2):205-15. [PubMed ID:

27900767]. https://doi.org/10.1111/aas.12840.

53. Byrne L, Obonyo NG, Diab S, Dunster K, Passmore M, Boon AC, et al.

An Ovine Model of Hyperdynamic Endotoxemia and Vital Organ

Metabolism. Shock. 2018;49(1):99-107. [PubMed ID: 28520696].

[PubMed Central ID: PMC7004818].

https://doi.org/10.1097/shk.0000000000000904.

54. Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, Malbrain ML, De

Keulenaer B, et al. Intra-abdominal hypertension and the abdominal

compartment syndrome: updated consensus definitions and clinical

practice guidelines from the World Society of the Abdominal

Compartment Syndrome. Intensive Care Med. 2013;39(7):1190-206.

[PubMed ID: 23673399]. [PubMed Central ID: PMC3680657].

https://doi.org/10.1007/s00134-013-2906-z.

55. Maitland K, George EC, Evans JA, Kiguli S, Olupot-Olupot P, Akech SO,

et al. Exploring mechanisms of excess mortality with early fluid

resuscitation: insights from the FEAST trial. BMC Med. 2013;11:68.

[PubMed ID: 23496872]. [PubMed Central ID: PMC3599745].

https://doi.org/10.1186/1741-7015-11-68.

56. Abdelbaky AM, Elmasry WG, Awad AH. Restrictive Versus Liberal Fluid

Regimen in Refractory Sepsis and Septic Shock: A Systematic Review

and Meta-Analysis. Cureus. 2023;15(10). e47783.

https://doi.org/10.7759/cureus.47783.

https://brieflands.com/articles/jcma-148524
http://www.ncbi.nlm.nih.gov/pubmed/34341369
http://www.ncbi.nlm.nih.gov/pubmed/34341369
https://www.ncbi.nlm.nih.gov/pmc/PMC8329200
https://doi.org/10.1038/s41598-021-94946-3
http://www.ncbi.nlm.nih.gov/pubmed/12393365
https://doi.org/10.1093/bja/aef220
http://www.ncbi.nlm.nih.gov/pubmed/33186158
https://doi.org/10.1213/ane.0000000000005175
http://www.ncbi.nlm.nih.gov/pubmed/27087980
https://www.ncbi.nlm.nih.gov/pmc/PMC4833950
https://doi.org/10.1186/s40560-016-0154-3
https://doi.org/10.1186/s40560-016-0154-3
http://www.ncbi.nlm.nih.gov/pubmed/34055825
https://www.ncbi.nlm.nih.gov/pmc/PMC8160230
https://doi.org/10.3389/fmed.2021.628302
http://www.ncbi.nlm.nih.gov/pubmed/28613689
http://www.ncbi.nlm.nih.gov/pubmed/31811748
https://doi.org/10.1111/wvn.12394
http://www.ncbi.nlm.nih.gov/pubmed/27900767
https://doi.org/10.1111/aas.12840
http://www.ncbi.nlm.nih.gov/pubmed/28520696
https://www.ncbi.nlm.nih.gov/pmc/PMC7004818
https://doi.org/10.1097/shk.0000000000000904
http://www.ncbi.nlm.nih.gov/pubmed/23673399
https://www.ncbi.nlm.nih.gov/pmc/PMC3680657
https://doi.org/10.1007/s00134-013-2906-z
http://www.ncbi.nlm.nih.gov/pubmed/23496872
https://www.ncbi.nlm.nih.gov/pmc/PMC3599745
https://doi.org/10.1186/1741-7015-11-68
https://doi.org/10.7759/cureus.47783

