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Abstract

Background: Crystalloid bolus administration remains a cornerstone of sepsis management. Studies indicate that geriatric patients with 
sepsis benefit from guideline-recommended bundles. The effect of fluid timeliness on patient-centered outcomes in geriatric patients with 
sepsis is unknown. We conducted a retrospective cohort study to assess association between time-to-crystalloid and composite mortality and 
discharge to hospice. Hospital length of stay (LOS), ICU LOS, ICU admission and intubation rate were investigated secondarily. These outcomes 
were compared in prespecified prompt (< 60 minutes), early (60-180 minutes), and late ( >180 minutes) resuscitation groups, and within the 
cohort as a whole. 

Results: 225 patients were included in this study. 46.2% received crystalloid before 60 minutes, while 40.9% and 12.9% of patients were resus-
citated within 60-180 minutes and greater than 180 minutes, respectively. Baseline characteristics in all three groups were similar. There was 
no difference in composite in-hospital mortality or hospice discharge [27 (26.2%) vs. 24 (26.4%) vs. 10 (34.5%); p=0.653] between the three 
groups. The late crystalloid administration group had statistically significant longer ICU LOS [2.35 (3.99) vs. 3.82 (6.42) vs 6.14 (7.31); p=0.014] 
and increased intubation rate [6 (5.8) vs. 6 (6.5) vs. 6(20.7); p=0.026]. Regression analyses indicated that time-to-crystalloid directly correlated 
with hospital LOS, ICU LOS and intubation rate.

Conclusions: In this hypothesis-generating cohort study of geriatric patients with sepsis, there was no association between time-to-crystalloid 
and composite in-hospital mortality or hospice discharge. 
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Background

Sepsis is a key driver of worldwide mortality, representing 
close to 20% of global deaths in 2017 [1]. Approximately half 
of patients hospitalized with sepsis are 65 years and older [2]. 
Delivery of 30ml/kg of crystalloid fluid bolus within three hours 
of diagnosing sepsis remains a cornerstone of the Surviving 
Sepsis Campaign (SSC) recommendations [3]. Implementation 
of these guidelines have demonstrated improved mortality, as 

well as decreased hospital and ICU length of stay in the general 
population, and in older adults [4,5]. The more recent 2018 
SCCM Sepsis guidelines include a 1-hour bundle, recommends 
the initiation of this resuscitation within an hour of diagnosing 
sepsis [6]. The optimal timing of fluid administration, however, 
remains controversial due to the limited quality of existing 
evidence.

The landmark study by Rivers et al. and subsequent analyses 
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of early goal-directed therapy indicate that early antibiotics 
and crystalloid administration decreases mortality in patients 
with sepsis [7-10]. Observational studies have produced 
discordant results on the effect of fluid timeliness on patient 
outcomes [11-13]. Optimal time-to-fluid has also been 
investigated within a variety of subgroups, and contradictory 
results were found [14]. Accordingly, investigative teams have 
postulated that demographic variables, such as older age and 
obesity, and comorbidities could alter the effect of crystalloid 
administration in sepsis. Patients with comorbidities including 
chronic respiratory failure, end stage renal disease, cirrhosis, 
and heart failure have been identified as subgroups that are 
less likely to receive 30 mL/kg of crystalloid within 3 hours 
of sepsis diagnosis [15-16]. Despite evidence supporting the 
use of bundle treatments for sepsis in the elderly, they remain 
among the subgroups most likely to receive less aggressive 
resuscitation. 

Importantly, the decreased in-hospital mortality signal 
observed in recent sepsis studies could have been biased 
by the exclusion of patients discharged to hospice [17]. We 
conducted a hypothesis-generating cohort study to assess for 
an association between crystalloid timeliness and composite 
mortality or discharge to hospice. The secondary aim of the 
study was to detect associations with hospital length of stay 
(LOS), ICU LOS, ICU admission and intubation rate. These 
outcomes were compared in the prespecified prompt (< 60 
minutes), early (60-180 minutes), and late (>180 minutes) 
resuscitation groups and within the cohort as a whole. 

Methods

Study design, setting and population

This is a retrospective cohort study conducted on patients 
admitted to the emergency department (ED) of a 400-bed urban 
tertiary care center in South Florida. We examined data from 
visits between September 25, 2017 and February 26, 2018; this 
period represents the time period for which the IRB approved 
this study. Power analyses were not conducted a priori. The 
collected data was checked manually for completeness and 
entered in Research Electronic Data Capture System (REDCap 
version 10.6.5) for data tracking. Informed consent was waived 
and study approval was granted by the Institutional Review 
Board and hospital research committee. The study followed 
“Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement guidelines for reporting 
observational studies”. 

Data collection

All primary data was extracted from the electronic medical 
record by physician-investigators using a standardized 
protocol for examining charts. Source data verification by 
an additional investigator occurred for all included records. 
Discordant reviewer evaluation negated chart selection. 

Inclusion and exclusion criteria

Patients greater than or equal to 65 years old were included. 
Patients with confounding etiologies for acute organ 
dysfunction such as anaphylaxis, acute myocardial infarction, 
adverse medication reaction, autoimmune disease flare or 
pancreatitis were excluded. If hospice evaluation or newly 
ordered do-not-resuscitate status occurred while in the 
emergency department, exclusion occurred. For patients with 
multiple encounters, only the first encounter was included. 

Cohort selection and sepsis definitions

Charts were identified by electronic medical record query 
based on the attribution of International Classification of 
Diseases-10 (ICD-10) codes for sepsis, severe sepsis and septic 
shock while in the ED. Sepsis was defined using the 2016 Society 
of Critical Care Medicine/European Society of Intensive Care 
Medicine (SCCM/ESICM) Sepsis-3 definition. A standardized 
protocol for chart review was used to identify the presence 
of clinical suspicion of infection in the ED. An increase of two 
or more points on the Sequential Organ Failure Assessment 
(SOFA) score was used as a criterion for organ dysfunction [18]. 

In patients that did not have an arterial blood gas while in the 
ED, an SaO2/FiO2 ratio was used in place of PaO2/FiO2 to calculate 
the SOFA score (Supplementary Table 2). For patients with 
missing SOFA variables, a modified version of SOFA was used 
to identify organ dysfunction. A score of one or more in the 
modified version of SOFA corresponds to an increase of two 
or more points in the SOFA score (Supplementary Table 3) 

[19,20].

Three cohorts based on clinically significant time-to-fluid 
intervals were constructed. Prompt crystalloid administration 
was defined as initiation of a fluid bolus in less than 60 
minutes. Early administration was defined as 60 to 180 
minutes and late administration was defined as greater than 
180 minutes. The prompt and early administration groups 
were selected to maintain consistency with the 1 hour and 
3 hour bundle recommendations by SCCM [6,21]. Crystalloid 
bolus administration was characterized by delivery of either 
lactated ringers or normal saline at a rate of less than or equal 
to 500 mL in 30 minutes. 

Statistical analysis and outcomes

SPSS software ver. 26.0 was used to conduct statistical 
analyses. Patient demographics and characteristics were 
reported using means and standard deviations for continuous 
variables, and categorical variables were described as 
proportions and percentages. To assess the difference between 
the three groups, we used chi-squared tests of independence 
and Analysis of Variance (ANOVA) testing for categorical and 
continuous variables, respectively. 

Our primary analysis investigated the association of time-
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to-fluid administration on the following patient-centered 
outcomes: (1) composite in-hospital mortality or hospice 
discharge, (2) hospital length of stay (LOS), (3) ICU LOS, (4) 
ICU admission, and (5) intubation. LOS was only calculated 
for patients who did not experience in-hospital mortality or 
hospice discharge.

Two statistical series were conducted. In the first series, 
outcomes within the clinically relevant prompt, early and late 
crystalloid administration groups were compared. ANOVA 
testing was conducted for continuous variables hospital 
LOS and ICU LOS. The independent variable was time-to-
crystalloid with three levels (<60 minutes, 60-180 minutes, 
>180 minutes), while the dependent variable was length of 
stay in days. When ANOVA resulted in statistically significant 
between-group differences, post-hoc analysis using Least 
Square Difference (LSD) was conducted to determine where 
the variance lies within the model. Chi-square testing was 
used for categorical variables of composite in-hospital 
mortality or discharge to hospice, ICU admission and 
intubation. For chi-square tests with statistical significance, 
Cramer’s V was computed in order to detect effect size. In the 
second series, regression analyses were conducted to detect 
an association between time-to-crystalloid in minutes and the 
outcomes of interest. Using time-to-crystalloid as a predictor 
variable, linear regressions were performed for continuous 
outcomes and binomial logistic regressions were performed 
for dichotomous categorical variables.

The secondary analysis assessed for the presence of effects 
on patient outcomes attributable to previously described 
predictors of outcomes in patients with sepsis. Odds ratios 
were computed from contingency tables in order to explore 
the relationship between variables of interest, such as obesity, 
ESRD and CHF, and categorical outcome variables. Linear 
regression and multiple regression were used for continuous 
outcomes variables hospital LOS and ICU LOS. An overall 
model was presented to explain the cumulative influence 
of these variables on the outcomes selected in the primary 
analysis. An additional regression analysis using a stepwise 
method was used to highlight variables with the strongest 
influence on these outcomes. A binomial logistic regression 
was performed to ascertain the effect of volume of crystalloid 
on the outcomes of interest. P values of <0.05 were considered 
significant, and analyses assumed the presence of a normal 
distribution. 

Results

Demographics and patient characteristics

A total of 457 patient encounters were reviewed. After 
application of study criteria, a cohort of 225 patients 
remained (Supplementary Figure 1). Patients were divided 
into three groups based on the start time of crystalloid 
bolus administration: prompt fluid administration (<60 

minutes), early fluid administration (60-180 minutes) and 
late fluid administration (>180 minutes). Overall, 46.2% of 
patients received prompt fluid administration, while 40.9% 
received early crystalloid administration, and 12.9% of 
patients received late crystalloid administration. Baseline 
characteristics were similar between the three groups, with 
the exception of obesity. A larger proportion of obese patients 
were observed within the delayed fluid administration group 
(Table 1). Time-to-antibiotics was longest in the delayed 
group, however the inter-group difference was not statistically 
significant (p=0.230). Volume of crystalloid was lowest in the 
delayed group (16.99 mL/kg) when compared to the prompt 
(27.36 mL/kg) and early (25.32 mL/kg)) fluid groups (p=0.001). 
Demographics, as well as sepsis and treatment variables, are 
displayed in Table 1. 

Fluid timeliness and patient outcomes

When comparing the prompt (<60 minutes), early (60-180 
minutes), and late ( >180 minutes) resuscitation groups in 
series 1, there was no difference in the proportion of patients 
with composite in-hospital mortality or hospice discharge [27 
(26.2%) vs. 24 (26.4%) vs. 10 (34.5%); p=0.653]. There was no 
statistically significant difference between the three cohorts 
with regards to Hospital LOS (p=0.336) or ICU admission 
(p=0.371). We did, however, detect a difference in ICU LOS 
and intubation rate. The late crystalloid administration group 
experienced longer ICU LOS [2.35 (3.99) vs. 3.82 (6.42) vs 6.14 
(7.31); p= 0.014] and an increased intubation rate [6 (5.8) vs. 6 
(6.5) vs. 6(20.7); p=0.026] (Figure 1). Post-hoc analysis using 
Least Square Difference (LSD), revealed a significant difference 
between prompt and late administration groups (p=0.005).

Regression analyses from series 2 revealed that time-to-
crystalloid was predictive of hospital LOS and ICU LOS. More 
specifically, results revealed that time-to-crystalloid predicted 
hospital LOS [F(1,223)=5.818, p=0.017, R²=0.025] (Table 
2). Time-to-crystalloid accounted for 2.5% of the variation 
in hospital LOS with an adjusted R²=2.1%, which reflects 
a relatively small effect size [22]. The following regression 
equation can be created from our results: 

hospital LOS = 8.271 + (.007 x time-to-crystalloid). 

As an example, for a time-to-crystalloid of 30 minutes, 
estimated hospital LOS would be 8.48 days. For a time-to-
crystalloid of 90 minutes, estimated hospital LOS would be 
8.90 days. 

The model from series 2 also showed that time-to-crystalloid 
also predicted ICU LOS [F(1,169)=12.182, p=0.001, R²=0.067]. 
Time-to-crystalloid accounted for 6.7% of the variation in ICU 
LOS with adjusted R²=6.2%; again this was a relatively small 
effect size [22]. The resultant regression equation would be: 

ICU LOS = 2.477 + (.008 x time-to-crystalloid) 
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Table 1. Patient demographics and characteristics.

Total Less than 60 
minutes

60 to 180 min-
utes

Greater than 180 
minutes

p 
value

N (%) 225 104 (46.2%) 92 (40.9%) 29 (12.9%)

Demographics

 Male (%) 137 (60.9) 61 (58.7) 57 (62) 19 (65.5)
0.770

 Female (%) 88 (39.1) 43 (41.3) 35 (38) 10 (34.5)

Age (SD) 82.74 (9.1) 82.66 (9.64) 82.66 (8.52) 82.93 (8.82)
0.908

BMI (SD), kg/m² 26.23 (6.29) 25.61 (5.92) 26.16 (5.99) 27.01 ( 7.91) 0.542

Charlson Comorbidity Index (SD) 5.84 (2.06) 5.84 (2.13) 5.72 (2.11) 6.07 (1.73) 0.809

Special Populations

Age ≥ 80 Years (%) 146 (64.9) 64 (61.5) 60 (65.2) 22 (75.9)  0.359

Obesity (%) 47 (20.9) 16 (15.4) 20 (21.7) 11 (37.9)  0.030

Heart Failure (%) 54 (24) 22 (21.2) 22 (23.9) 10 (34.5)  0.331 

End Stage Renal Disease (%) 17 (7.6) 6 (5.8) 7 (7.6) 4 (13.8) 0.352

COPD (%) 33 (14.7) 14 (13.5) 13 (14.1) 6 (20.7)  0.612

Shock (%) 33 (14.7) 16 (15.4) 11 (12) 6 (21.4) 0.352

Sepsis and Treatment Variables

MAP<65 mmHg (%) 88 (39.1) 46 (44.2) 32 (34.8) 10 (34.5)  0.345

Lactate, mmol/L 3.019 (2.117) 3.031 (2.046) 3.103 (2.189) 2.739 (2.131) 0.615

SIRS 2.61 (1.067) 2.80 (1.031) 2.52 (1.056) 2.27 (1.106) 0.005

qSOFA 1.72 (0.925) 1.77 (0.862) 1.61 (0.994) 1.86 (0.915) 0.317

Time to Antibiotics (SD) 194.56 
(185.23) 179.92 (183.64) 194.5 (171.89) 246.76 (225.32) 0.230

Volume of Crystalloid in mL/kg (SD) 25.18 (12.83) 27.36 (13.98) 25.22 (9.97) 16.99 (13.82) 0.001

Source of Infection

Lung (%) 79 (35.3) 32 (30.8) 35 (38.5) 12 (41.4)

Urine (%) 82 (36.6) 42 (40.4) 32 (35.2) 8 (27.6)

Gastrointestinal (%) 25 (11.2) 15 (14.4) 7 (7.7) 3 (10.3)

Skin and Soft Tissue (%) 13 (5.8) 4 (3.8) 7 (7.7) 2 (6.9)

Osteomyelitis/Diskitis (%) 2 (0.9) 2 (1.9) 0 (0) 0 (0)

Endocarditis (%) 3 (1.3) 1 (1) 2 (2.2) 0 (0)

Undetermined (%) 20 (8.9) 8 (7.7) 8 (8.7) 4 (13.8)

SD: Standard Deviation; BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease 
Shock defined as requiring vasopressors while in the emergency department
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Accordingly, for a time-to-crystalloid of 30 minutes and 90 
minutes, estimated ICU LOS would be 2.71 days and 3.20 days 
respectively. 

The model explained 3.3.% (Nagelkerke R2) of the variance 
in intubation. Further, for each minute increase time-to-
crystalloid, the odds of being intubated increase by a factor 
of 1.002. 

Independent predictors of outcomes

Multivariate regression results are listed in Table 3. The 
presence of heart failure was associated with a longer hospital 
LOS. Shock in the ED, as might be expected, was associated 
with increased intubation, ICU admission and composite in-
hospital mortality or hospice discharge. The odds of in-hospital 
mortality or hospice discharge was 3.384 times higher for 

 

 

 
Figure 1. Fluid timeliness and patient outcomes.

Table 2. Fluid timeliness and patient outcomes.

In-Hospital Mortality or 
Hospice Discharge (%)

Hospital LOS 
days (SD) ICU LOS days (SD) ICU admission (%) Intubation (%)

Series 1.

<60 minutes 27 (26.2) 8.83 (7.55) 2.35 (3.99) 34 (33) 6 (5.8)

60 - 180 minutes 24 (26.4) 8.65 (5.85) 3.82 (6.42) 28 (30.8) 6 (6.5)

>180 minutes 10 (34.5) 10.93 (10.99) 6.14 (7.31) 13 (44.8) 6 (20.7)

P value p=0.653 p=0.336 p=0.014 p=0.371 p=0.026

Series 2.

Variable OR B B OR B

Time to crystalloid 
(minutes) 1.001 (0.999 to 1.003) 0.007 (0.001 to 

0.013) 0.008 (0.004 to 0.013) 1.001 (0.999 to 1.003) 1.002 (1.000 to 
1.004)

P value 0.312 0.017 0.001 0.244 0.047
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patients in shock, while the odds of being intubated was 6.489 
higher. Hospital and ICU LOS was also longer in patients with 
shock. Our model revealed that 5.8.% (Nagelkerke R2) of the 
variance in ICU admission could be attributed to crystalloid 
volume. Specifically, for each mL/kg increase in volume of 
crystalloid, the odds of being admitted to the ICU increased 
by a factor of 1.565.

Discussion

In our single-center retrospective cohort of geriatric patients 
with sepsis, no association between time-to-crystalloid and 
composite in-hospital mortality or discharge to hospice was 
observed. Delayed crystalloid resuscitation (>180 minutes) 
was associated with increased ICU length of stay, and increased 
intubation rate when compared with prompt resuscitation (< 
60 minutes). Time-to-crystalloid was predictive of hospital 
LOS, ICU LOS and intubation rate across all patients in our 
cohort. 

It is notable that the delayed crystalloid resuscitation group 
had a higher prevalence of obesity than the prompt and early 
resuscitation groups. For this reason, it is possible that obesity 
acted as an effect modifier for fluid resuscitation timeliness in 
sepsis. The secondary analysis in Table 3 demonstrated that 
obesity across all three subgroups was not associated with the 
increase in intubation rate or ICU LOS, implying that obesity 
does not represent a confounding variable. Additionally, 

patients in the late resuscitation group had received lesser 
fluid volume than those in the prompt and early groups. 
Our secondary analysis showed that ICU admission rate 
was positively correlated with fluid volume, suggesting that 
crystalloid volume did not act as a confounder in our primary 
analysis. It also must be recognized that the retrospective 
design of our study raises the possibility that unmeasured 
confounders influenced the results. Additionally, the single-
center sampling further increases the risk of selection biases; 
collider bias in particular must be considered given the 
conditioning of the patient population to the syndrome of 
sepsis. For example, conditioning the sample to geriatric 
patients with sepsis could have unintentionally selected 
for patients with dysphagia and consequent dehydration 
which predisposed this group to the benefits of more timely 
crystalloid therapy. 

Existing literature on the impact of crystalloid resuscitation 
timeliness on mortality in patients with sepsis is largely 
observational, with incongruent results. A large cohort study 
by Seymour et al. indicated that time to crystalloid bolus 
completion had no influence on mortality [11]. However, the 
arbitrary use of bundle initiation time as time-zero is a possible 
source of bias. Notably, our analysis used ED registration 
time as time-zero, which is a more clinically useful starting 
point. Two smaller series suggested that fluid administration 
within 30 minutes of sepsis identification was associated with 
decreased mortality [12,23].

Table 3. Multivariate analyses.

In-Hospital 
Mortality or 
Hospice Discharge

Hospital LOS ICU LOS ICU Admission Intubation 

Variable OR p B p B p OR p Value OR p Value

Age ≥ 80 
Years

1.266 (0.794 
to 2.017) 0.196 0.282 (-1.671 

to 2.234) 0.777 1.164 (-0.404 
to 2.731)

0.145 0.759 (0.527 to 
1.092) 0.094 0.515 (0.288 

to 0.921) 0.021

Male Sex 0.825 (0.468 
to 1.453) 0.3 -0.284 (-2119 

to 1551) 0.761 0.829 (-0.648 
to 2.306) 0.270 1.12 (0.652 to 

1.924) 0.393 1.034 (0.511 
to 2.090) 0.538

Obesity 0.63 (0.305 
to 1.305) 0.14 1.151(-1.085 

to 3.386) 0.312 0.980 (-0.883 
to 2.843) 0.301 1.17 (0.623 to 

2.197) 0.368 1.55 (0.716 
to 3.356) 0.181 

ESRD 1.115 (0.315 
to 2.551) 0.537 2.575 (-0.731 

to 5.880) 0.126 2.003 (-0.515 
to 4.521) 0.118 0.718 (0.285 to 

1.807) 0.316 0.708 (0.225 
to 2.233) 0.371 

HF 1.204 (0.645 
to 2.250) 0.333 2.996 (0.874 

to 5.117) 0.006 0.936 (-0.752 
to 2.624) 0.275 1.326 (0.736 to 

2.389) 0.215 1.028 (0.470 
to 2.247) 0.543 

Shock 3.384 (1.621 
to 7.065) 0.001 2.737 (0.058 

to 5.416) 0.045 5.265 (3.332 
to 7.197) 0.001 38.222 (11.218 

to 130.235) 0.001 6.489 (2.926 
to 14.392) 0.001 

Volume of 
Crystalloid, 
mL/kg

1.286 (0.988 
to 1.674) 0.062 0.007 (-0.072 

to 0.058) 0.839 0.035 (-0.029 
to 0.078) 0.371 1.565 (1.201 to 

2.039) 0.001 0.983 (0.722 
to 1.337) 0.911
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Longer ICU LOS has been associated with increased 
1-year mortality in elderly patients [24]. A study comparing 
patients who received 30 mL/kg within three hours to those 
who received fluid after three hours found ICU LOS was 
approximately 2 days longer in the delayed resuscitation 
group [15]. In a large cohort study comparing crystalloid 
initiation time within 30 minutes, 31-120 minutes and greater 
than 120 minutes found shorter ICU LOS in patients in the < 
30 and 31-120 minutes groups [23]. A similar group of authors 
found that fluid initiation within 30 minutes was associated 
with 12% shorter hospital LOS in patients with sepsis [12]. 

Our findings in geriatric patients also indicate that prompt 
resuscitation is associated with shorter hospital LOS. 

Khan et al. studied 208 patients with sepsis or septic shock 
and heart failure, ESRD or cirrhosis which found no difference 
in the intubation rate between restricted (<30 ml/kg) and 
standard (≥ 30 ml/kg) fluid resuscitation group [25]. However, 
the use of a 6-hour window for resuscitation after the diagnosis 
of sepsis in this study may have obscured the impact of fluid 
timeliness. Our study suggests that prompt resuscitation may 
be associated with a decreased intubation rate. 

Geriatric patients with sepsis are thought to present and 
respond uniquely to resuscitation because of age-related 
physiologic changes [5]. Decreased chronotropic response 
to stress, decreased arterial compliance, impaired humoral 
and cell-mediated immunity and increased circulating 
inflammatory cytokines (TNF-α, IL-1, and IL-6) have been 
identified in the elderly [5,26]. A study by a group from the 
Netherlands suggests that patients above the age of 70 with 
suspected infection experience under-rescucitation, and 
this was correlated to increased mortality [27]. An inverse 
correlation between mortality and initial systolic blood 
pressure (SBP) was noted in the same age group at SBPs of 
100-140mm Hg [28]. This is somewhat contrary to a study 
of mostly geriatric patients with sepsis who received early 
resuscitation upon paramedic contact that found mortality 
benefit was largely limited to patients with SBP below 100 
mmHg [14]. These conflicting findings are difficult to explain 
and raise clinically relevant concerns of whether presenting 
SBP in geriatric patients with sepsis correlates with benefit of 
early crystalloid resuscitation. 

Unfortunately, the small sample size of our study precludes 
the ability to draw conclusions on the impact of crystalloid 
timeliness on mortality in geriatric patients with sepsis. 
The relationship between reduced time-to-crystalloid and 
consistent reductions in the key surrogate outcomes of 
hospital LOS, ICU LOS and intubation rate in geriatric patients 
with sepsis are novel findings. Knowledge from this study 
can be used to influence center-specific quality improvement 
investigations or future research endeavors. Conducting a 
prospective randomized control trial to pinpoint the effect 
size of time-to-crystalloid in geriatric patients would be ideal 

but both logistically and ethically fraught. A larger prospective 
cohort study investigating the effect of fluid timeliness on 28-
day mortality represents an opportunity for further research. 

Limitations

There are key limitations of our investigation that must be 
highlighted. As a retrospective study, it is impossible to account 
for all unmeasured potential confounders. It is conceivable 
that patients who received fluid later had more severe disease 
and that the delay to diagnosis of sepsis itself could have 
worsened outcomes. Moreover, the relationships presented 
that suggest causality must be treated as correlations and are 
not sufficient evidence to establish causality. The inability to 
account for fluid administered by paramedic services is also 
a limitation of our study. The use of a modified version of 
SOFA score increased the sensitivity of our inclusion criteria, 
but is not widely adopted and well-verified as the SOFA score. 
Therefore, the external validity of our data can be questioned. 

Conclusion

Our hypothesis-generating study found no association 
between time-to-crystalloid and composite in-hospital 
mortality or hospice discharge in geriatric patients with sepsis. 
Timely fluid administration may be associated with shorter 
ICU LOS and a lower intubation rate in these patients. 
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