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Abstract 

Background: Resuscitation of septic patients regarding goals, monitoring aspects and therapy is highly variable. 
Our aim was to characterize cardiovascular and fluid management of sepsis in Argentina, a low and middle-income 
country (LMIC). Furthermore, we sought to test whether the utilization of dynamic tests of fluid responsiveness, as a 
guide for fluid therapy after initial resuscitation in patients with persistent or recurrent hypoperfusion, was associated 
with decreased mortality.

Methods: Secondary analysis of a national, multicenter prospective cohort study (n = 787) fulfilling Sepsis-3 defini-
tions. Epidemiological characteristics, hemodynamic management data, type of fluids and vasopressors administered, 
physiological variables denoting hypoperfusion, use of tests of fluid responsiveness, and outcomes, were registered. 
Independent predictors of mortality were identified with logistic regression analysis.

Results: Initially, 584 of 787 patients (74%) had mean arterial pressure (MAP) < 65 mm Hg and/or signs of hypop-
erfusion and received 30 mL/kg of fluids, mostly normal saline (53%) and Ringer lactate (35%). Vasopressors and/
or inotropes were administered in 514 (65%) patients, mainly norepinephrine (100%) and dobutamine (9%); in 22%, 
vasopressors were administered before ending the fluid load. After this, 413 patients (53%) presented persisting or 
recurrent hypotension and/or hypoperfusion, which prompted administration of additional fluid, based on: lactate 
levels (66%), urine output (62%), heart rate (54%), central venous  O2 saturation (39%), central venous–arterial  PCO2 
difference (38%), MAP (31%), dynamic tests of fluid responsiveness (30%), capillary-refill time (28%), mottling (26%), 
central venous pressure (24%), cardiac index (13%) and/or pulmonary wedge pressure (3%). Independent predictors 
of mortality were SOFA and Charlson scores, lactate, requirement of mechanical ventilation, and utilization of dynamic 
tests of fluid responsiveness.
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Background
Fluids and vasopressor therapy is the cornerstone of the 
hemodynamic resuscitation of septic shock. Neverthe-
less, the proper management of these therapeutic tools 
remains controversial, including the volume and the type 
of fluid infused, the choice of the vasoconstrictor and 
the timing of its beginning, as well as the appropriate 
monitoring for deciding and tracking each intervention. 
Despite these conflictive standpoints, the resuscitation 
bundles of the Surviving Sepsis Campaign (SSC) are 
commonly accepted [1]. Thus, the presence of hemody-
namic instability or tissue hypoperfusion is a usual trig-
ger for the intravenous administration of 30  mL/kg of 
crystalloid solutions. SSC recommendations also include 
the infusion of norepinephrine to reach a mean arte-
rial pressure (MAP) of at least 65 mm Hg. If manifesta-
tions of hypoperfusion persist after the fluid load, further 
intravascular volume expansion and eventually vasopres-
sors and inotropes should be considered to optimize car-
diovascular performance [1].

Despite the fact that the compliance with the SSC has 
been associated with improved outcomes [2, 3], aggres-
sive fluid administration and its consequence of volume 
overload can increase the mortality of septic patients 
[4–7]. Given that both insufficient and excessive adminis-
tration of solutions might be harmful, fluid management 
in sepsis should be carefully optimized. For this purpose, 
the use of dynamic predictors of fluid responsiveness 
might be especially beneficial [8–10]. These tests antici-
pate that a fluid challenge will result in an increase of car-
diac output > 15%, without the risk of volume overload. 
Although a recent study showed its feasibility during the 
early resuscitation of septic shock [11], the approach is 
still scarcely used to assess the appropriateness of a fluid 
challenge [12].

SATISEPSIS was an observational study organized by 
the Argentine Society of Critical Care (Sociedad Argen-
tina de Terapia Intensiva, SATI) to evaluate the per-
formance of the new Sepsis-3 definitions [13], and to 
characterize the epidemiology and outcome of sepsis 
and septic shock in Argentina, a country belonging to 
the group of low and middle-income countries (LMICs) 
[14, 15]. The aim of the present study was to assess the 

characteristics of the cardiovascular management, par-
ticularly regarding early resuscitation and use of intrave-
nous fluids. A particular hypothesis we sought to test was 
if the utilization of dynamic predictors of fluid respon-
siveness, as a guide for fluid therapy after the initial fluid 
resuscitation, is associated with a reduced mortality.

Methods
Design
Briefly, SATISEPSIS was a national, multicenter, prospec-
tive cohort study organized by the SATI and sponsored 
by the Argentine National Ministry of Health, begin-
ning on July 2, 2016 and lasting for 3  months [14, 15]. 
The study was approved by each hospital’s Institutional 
Review Board, and informed consent was signed by 
patients or their relatives.

Patients
Patients included were ≥ 18  years, admitted to the 49 
participating ICUs with a suspected infection that trig-
gered blood cultures and/or other body fluid sampling, 
and administration of antibiotics within 24  h. Patients 
with infections developed during ICU stay were also con-
sidered. Patients were characterized as having sepsis or 
septic shock according to Sepsis-3 definitions [13]. Epide-
miological data, Charlson, APACHE II and SOFA scores, 
use and length of mechanical ventilation, complications, 
and ICU and hospital length of stay were also recorded.

The main outcome variable was hospital mortality.
Assessment of initial resuscitation during the first 24 h 

On protocol admission, initial evaluation consisted in the 
identification of arterial hypotension (MAP < 65 mm Hg) 
and/or the evidence of hypoperfusion, defined as: blood 
lactate levels > 2.0 mmol/L, oliguria, capillary-refill time 
(CRT) > 3  s, and presence of mottling. We recorded if 
the initial fluid load of 30  mL/kg recommended by the 
SSC was administered [1]. The type of fluid used was 
recorded, as 0.9% NaCl (normal saline, NS), Ringer lac-
tate, Ringer acetate, and colloids (albumin, gelatin and 
starch solutions).

After this, researchers were asked if hypotension was 
corrected (MAP ≥ 65 mm Hg), if other variables showed 
an insufficient response (Table  1), and if vasopressors 

Conclusions: In this prospective observational study assessing the characteristics of resuscitation of septic patients 
in Argentina, a LMIC, the prevalent use of initial fluid bolus with normal saline and Ringer lactate and the use of 
norepinephrine as the most frequent vasopressor, reflect current worldwide practices. After initial resuscitation with 
30 mL/kg of fluids and vasopressors, 413 patients developed persistent or recurrent hypoperfusion, which required 
further volume expansion. In this setting, the assessment of fluid responsiveness with dynamic tests to guide fluid 
resuscitation was independently associated with decreased mortality.
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and/or inotropes had to be added. The type of drug used 
was registered. Over the first 24  h, researchers were 
asked to assess the presence of persistent or recurrent 
signs of hypoperfusion, and whether additional volume 
expansion after the initial resuscitation with 30  mL/kg 
of fluids was considered. If so, we asked them to identify 
the variables that supported the additional fluid admin-
istration in this subgroup, which were: MAP, heart rate, 
central venous pressure, lactate, central venous oxygen 
saturation, central venous–arterial  PCO2 difference, 
urine output, CRT, skin mottling, cardiac output, pulmo-
nary wedge pressure, central venous pressure, and tests 
for dynamic assessment of fluid responsiveness. These 
last included the respiratory variation of arterial pulse 
pressure, systolic volume, and pulse oximetry plethysmo-
graphic waveforms; the respiratory variation of inferior 
vena cava diameter; and the passive leg-raising maneu-
ver. Description of these tests with their cutoff points are 
shown in Additional file 1.

Statistical analysis
Data are presented as proportions, mean and standard 
deviation, or median and interquartile range [25–75%]. 
Differences between survivors and nonsurvivors were 
analyzed in the entire group, and also in the patients of 
the subgroup with hypoperfusion requiring additional 
fluids after initial resuscitation. Chi-square or Fisher 
tests, t or Wilcoxon rank-sum tests, were utilized, as 
appropriate. No assumptions were made for missing data.

In the subgroup of patients with MAP < 65 mm Hg and/
or hypoperfusion that required additional fluids after ini-
tial resuscitation, we sought to identify independent pre-
dictors of hospital mortality. Variables differing between 
survivors and nonsurvivors with a P value < 0.20 were 
entered into a multivariable regression model. Model 
calibration was assessed using the Hosmer–Lemeshow 

test. A receiver operating characteristic (ROC) curve was 
built to assess model discrimination. The possibility of an 
effect of the different centers on mortality was tested in a 
mixed-effect model, with the variable hospital as the ran-
dom term.

Results
Of the 809 patients included in the study, 787 (97%) 
had hemodynamic management data. The flowchart of 
patients is shown in Fig.  1. Epidemiological and hemo-
dynamic variables and comparisons between survivors 
and nonsurvivors are shown in Additional file 1: Table S1. 
Hospital mortality was 37%.

At inclusion in the study, 573 of 787 of patients (73%) 
exhibited a MAP < 65  mm  Hg and/or signs of hypoper-
fusion; all received 30  mL/kg of fluids as initial resus-
citation. Additionally, 11 patients not hypotensive at 
inclusion, when reevaluated had a decrease of MAP to 
< 65 mm Hg, thus also received the fluid bolus.

After this initial fluid load, 176/584 of the patients 
(30%) remained hypotensive and received vasopres-
sors. The rest of the patients (408/584, 70%) reached a 
MAP > 65  mm Hg. However, when subsequently reas-
sessed, 349 of the 584 (60%) were hypotensive or had 
signs of hypoperfusion, and 338/584 (58%) of them 
required vasopressors. The sum of these two subgroups 
requiring vasopressors (n = 514) was reevaluated for 
MAP < 65 mmHg and/or signs of persistent or recurrent 
hypoperfusion, which was diagnosed utilizing clinical, 
hemodynamic, and biochemical measurements (Fig.  2). 
MAP < 65 mm Hg and/or persistent or recurrent hypop-
erfusion developed in 413 of these patients, prompting 
the infusion of additional fluid boluses. This subgroup 
had higher mortality compared to patients that did not 
require additional fluid loads (48% vs. 37%, P < 0.0001) 
and is further characterized in Table 2.

The need of subsequent infusion of fluid boluses was 
evaluated with different variables and tests of fluid 
responsiveness (Table 3 and Additional file 1: Figure S1).

Different vasopressor and/or inotropic drugs were 
administered in 514 (65%) patients, especially norepi-
nephrine and dobutamine (Additional file  1: Figure S2). 
In 113 patients (22%), norepinephrine was started before 
finishing the initial fluid load. Normal saline was utilized 
in 53% of patients; Ringer lactate in 36%. Colloids were 
used in 7% of patients (Additional file 1: Figure S3).

With respect to independent predictors of mortality 
in the 413 patients with persistent or recurrent hypop-
erfusion, the utilization of dynamic tests of fluid respon-
siveness was independently associated to a decrease 
in mortality, adjusted by SOFA and Charlson scores, 
serum lactate and requirement of mechanical ventilation 
(Table  4). Calibration and discrimination of the model 

Table 1 Variables used to assess the response to the initial 
fluid bolus of 30 mL/kg

Variable Cutoff value 
for considering 
an insufficient response

Mean arterial pressure < 65 mm Hg

Heart rate > 120 beats/min

Central venous pressure > 6 mm Hg

Lactate clearance < 20%/2-h

Central venous  O2 saturation < 70%

Central venous–arterial  PCO2 difference > 6 mm Hg

Urine output < 0.5 mL/kg/h

Capillary-refill time > 3.0 s

Skin mottling Present
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Hypoperfusion was initially defined as blood lactate levels >2.0 mmol/L, oliguria, capillary refill time (CRT) >3 sec, and
presence of mottling. After the initial fluid load of 30 mL/kg, we also considered the presence of heart rate >120 beats/min,
central venous pressure <6 mm Hg, lactate clearance <20% for 2-h, central venous oxygen saturation <70%, central venous-
arterial PCO2 >6 mm Hg, and urine output <0.5 mL/kg/h.

Yes
n=573

No
n=214

Yes
n=176

Fluid load of 30 mL/kg
n=584

Vasopressors
n=514

Fluid challenges
because of MAP <65 mm Hg 

and/or hypoperfusion

Yes
n=413

MAP <65 mm Hg
and/or hypoperfusion

No
n=101

No
n=408

Yes
n=327

Reassessment:
MAP <65 mm Hg

and/or hypoperfusion
No

n=203

Yes
n=11

Reassessment:
MAP <65 mm Hg

and/or hypoperfusion

Reassessment:
MAP <65 mm Hg

and/or hypoperfusion
No

n=81

Reassessment:
MAP <65 mm Hg

and/or hypoperfusion

Yes
n=11

No
n=70

n=787

Reassessment:
MAP <65 mm Hg

and/or hypoperfusion

Fig. 1 Flowchart of the study
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Fig. 2 Frequency of the variables utilized as criteria of hypoperfusion for the assessment of the response to the initial fluid bolus of 30 mL/kg. MAP, 
mean arterial pressure;  ScvO2, central venous  O2 saturation;  Pcv-aCO2, central venous–arterial  PCO2 difference; CRT, capillary-refill time; CVP, central 
venous pressure

Table 2 Characteristics of  the  patients with  persistent or  recurrent hypoperfusion after  the  initial fluid load 
and vasopressor administration, and who required additional fluid administration

Data are shown as number (percentage), median [IQR] or mean ± SD

All (n = 413) Survivors (n = 216) Nonsurvivors (n = 197) P-value

Age (years) 60 ± 18 58 ± 19 62 ± 17 0.007

Gender, female 196/413 (47) 111/216 (51) 85/197 (43) 0.09

Charlson score 2 [0–4] 1 [0–3] 3 [1–4] <  0.000

Previous duration of symptoms 48 [16–72] 24[12–72] 48 [24–96] < 0.000

Admission to a public hospital 211/413 (51) 85/216 (39) 126/197 (64) < 0.000

APACHE II score 21 ± 9 18 ± 8 24 ± 9 < 0.000

Systemic inflammatory response syndrome 385/409 (94) 206/215 (96) 179/194 (92) 0.13

Shock on admission 216/409 (51) 90/216 (42) 126/197 (64) < 0.000

SOFA score 8 ± 4 7 ± 4 10 ± 4 < 0.000

Arterial lactate (mmol/L) 2.5 [1.6–4.0] 2.1 [1.4–3.5] 2.8 [1.9–5.1] < 0.000

Utilization of mechanical ventilation 280/386 (73) 109/202 (54) 171/184 (93) < 0.000

Time to the first antibiotic dose (h) 2 [1–5] 2 [1–4] 3 [1–6] 0.004

Complications

 Acute respiratory distress syndrome 131/385 (34) 52/200 (26) 79/185 (43) 0.89

 Gastrointestinal bleeding 10/385 (3) 5/201 (2) 5/184 (3) 0.94

Length of mechanical ventilation (days) 4 [0–10] 2 [0–8] 5 [2–11] < 0.0001

ICU length of stay (days) 8 [3–18] 10 [4–20] 6 [2–12] < 0.0002

Hospital length of stay (days) 17 [8–33] 23 [13–40] 10 [3–23] < 0.0001
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were adequate. The association between dynamic tests of 
fluid responsiveness and reduced mortality persisted in a 
mixed model with hospital as a random term (Additional 
file 1: Table S2).

Discussion
This is the first study in Latin America characterizing pat-
terns of fluid, vasopressor and inotrope use in the early 
resuscitation of patients with sepsis and septic shock. 
Our main finding was that the utilization of dynamic 
predictors of fluid responsiveness, after the initial fluid 
load, was independently associated with an improved 
outcome.

The SSC recommends administration of 30  mL/
kg of fluids for patients with hypotension or with 

sepsis-induced hypoperfusion, within 3  h of identifica-
tion—recently modified to a 1-h single bundle—to start 
resuscitation and management immediately [1, 16]. We 
observed good compliance with the 3 h-recommendation 
about administration of 30  mL/kg. In large controlled 
trials, fluid resuscitation followed the 3-h recommenda-
tion [17–19], but a recent observational study showed 
that only 47% of patients with septic shock received the 
initial fluid load [20]. These figures reflect the inconsist-
encies in implementation of bundles worldwide, regard-
less of the association with improved outcomes [2]. Yet, 
one retrospective study suggested that the beneficial 
effects are related to early antibiotics and not to volume 
expansion [21]. Furthermore, two clinical trials showed 
that aggressive fluid resuscitation is linked to increased 
mortality in both children and adults [22, 23]. Con-
versely, a recent study found that the failure to administer 
a bolus of 30  mL/kg of crystalloids within 3  h of sepsis 
onset was associated with increased in-hospital mortal-
ity, delayed hypotension, and increased ICU length of 
stay [24]. Finally, pilot-controlled studies failed to dem-
onstrate benefits from restrictive fluid management 
within the first 24 h of resuscitation [25–28]. Therefore, 
early administration of 30  mL/kg of crystalloids in sep-
tic patients with hypoperfusion remains a controversial 
issue [29].

In our study, crystalloid solutions, especially NS and, 
to a lesser extent Ringer lactate, were the fluids most 

Table 3 Variables used to support the additional fluid challenges in patients with persistent or recurrent hypoperfusion 
after the initial fluid load of 30 mL/kg

Data are shown as number (percentage)

All (n = 413) Survivors (n = 216) Nonsurvivors (n = 197) P

Mean arterial pressure 127/413 (31) 68/216 (31) 59/197 (30) 0.736

Heart rate 222/413 (54) 120/216 (56) 102/197 (52) 0.442

Central venous pressure 100/413 (24) 47/216 (22) 53/197 (27) 0.223

Lactate 274/413 (66) 142/216 (66) 132/197 (67) 0.786

Central venous  O2 saturation 164/413 (39) 90/216 (42) 74/197 (38) 0.395

Central venous–arterial  PCO2 difference 156/413 (38) 77/216 (36) 79/197 (40) 0.351

Urine output 257/413 (62) 137/216 (63) 120/197 (61) 0.599

Capillary-refill time 117/413 (28) 63/216 (29) 54/197 (27) 0.693

Presence of mottling 108/413 (26) 52/216 (24) 56/197 (28) 0.315

Cardiac output measurement 53/413 (13) 24/216 (11) 29/197 (15) 0.273

Pulmonary wedge pressure 11/413 (3) 3/216 (1) 8/197 (4) 0.08

Dynamic tests of fluid responsiveness 122/413 (30) 73/216 (34) 49/197 (25) 0.047

 Pulse pressure variation 85/413 (21) 50/216 (23) 35/197 (18) 0.17

 Systolic volume variation 33/413 (8) 19/216 (9) 14/197 (8) 0.527

 Pulse oximetry waveform variation 25/413 (6) 18/216 (8) 7/197 (14) 0.04

 Inferior vena cava diameter variation 52/413 (13) 31/216 (14) 2321/197 (11) 0.259

 Passive leg raising 38/413 (9) 19/216 (9) 19/197 (10) 0.766

 Other 31/413 (8) 20/216 (9) 11/197 (6) 0.157

Table 4 Independent determinants of mortality according 
to logistic regression analysis

Area under the ROC curve = 0.84. Hosmer–Lemeshow test = 0.45

Variable Odds ratio [CI 95%] P

Charlson score 1.21 [1.07–1.36] 0.002

SOFA score 1.16 [1.07–1.26] < 0.0001

Serum lactate 1.21 [1.08–1.37] 0.001

Mechanical ventilation 12.2 [5.73–26.00] < 0.0001

Dynamic tests of fluid 
responsiveness

0.37 [0.21–0.67] 0.001
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frequently indicated for intravascular volume expansion. 
Colloid solutions were occasionally used. In one French 
multicenter study, NS was the fluid of choice in 80% of 
fluid challenges, other crystalloids in 11%, and colloids 
were seldom indicated [30]. Another multicenter interna-
tional study found that 74% of 2213 fluid challenges were 
administered using crystalloids (NS in 34% and balanced 
solutions in 40%), while 26% were administered with col-
loids (starches 11%, gelatins 9%, and albumin 5%) [12]. In 
an international survey of 3138 intensivists, NS was the 
most frequently considered acceptable (73%), followed by 
Ringer lactate and acetate (68 and 63%), albumin at 4% 
and 20% (43% and 36%, respectively), gelatins (32%) and 
starches (21%) [31].

Our results differ from those described in the multi-
center international study [12]. The low utilization of 
colloid solutions (< 1%) is a direct result of the high cost 
in our country; however, this also reflects global trends 
related to nephrotoxicity of starches [32, 33] and failure 
of clinical trials demonstrating benefits from albumin 
use [34, 35]. Similar to our findings, NS was still the most 
commonly used solution in that study, despite recent evi-
dence favoring balanced crystalloid solutions [36].

In accordance with SSC statements [1], norepinephrine 
was infused in 65% of patients in order to reach a MAP 
of at least 65  mm  Hg. In 22% of them, norepinephrine 
was started before finishing the initial fluid bolus. These 
results are in line with those reported in a survey about 
the current use of vasopressors: 823 physicians from 82 
countries responded that the persistence of arterial hypo-
tension after the initial fluid load was the most frequent 
trigger for the administration of vasopressors (83%), and 
that norepinephrine was the drug of choice (97%) [37]. 
An expert panel recommended the early administration 
of norepinephrine to reach a MAP ≥ 65 mm Hg and sug-
gested avoiding delays associated with the completion of 
the fluid load [37]. Notwithstanding, the optimal starting 
point for vasopressor administration remains contro-
versial. The persistence of arterial hypotension has det-
rimental effects on outcomes and some studies suggest 
the advantages of early administration of vasopressors 
[38, 39], while others found an association between early 
administration and mortality [40, 41].

After the initial fluid load of 30  mL/kg and the titra-
tion of norepinephrine to reach a MAP of ≥ 65 mmHg, 
physicians recorded that more than half of patients still 
presented evidence of hypoperfusion. The diagnosis 
of hypoperfusion took into account clinical, hemody-
namic, and biochemical variables. The most common 
criteria were tachycardia, oliguria, and hyperlactatemia. 
Although alterations in skin perfusion are a classic 
manifestation of shock, capillary-refill time and mot-
tling were only assessed in about a quarter of patients. 

Capillary-refill time not only has relevant prognostic 
implications in septic shock, but is also a valuable resus-
citation goal [42–44].

Even though insufficient fluid resuscitation can 
decrease tissue perfusion and affect mortality, a growing 
body of evidence suggests that, in septic shock, excessive 
fluid administration might be harmful [4–7]. Further-
more, only half of patients respond to fluid challenges 
with increases in cardiac output [45]. Central venous 
and pulmonary wedge pressures are misleading indica-
tors of this response [46]. Instead, dynamic tests of fluid 
responsiveness, such as the respiratory variation of pulse 
pressure or the inferior vena cava distensibility, are suit-
able predictors [8]. Thus, the dynamic assessment of fluid 
responsiveness might optimize intravascular volume 
and contribute to the improvement of outcomes in sep-
tic shock [8]. In our study, all patients with persistent or 
recurrent hypoperfusion received additional fluid boluses 
after the initial fluid load. The decision was mainly based 
on the presence of tachycardia, hyperlactatemia, and 
oliguria. The dynamic assessment of fluid responsiveness, 
however, was only considered in 30% of patients. This fig-
ure is low but higher than the 22% recently reported in 
an international study [12]. An important finding of our 
study was that the use of dynamic tests of fluid respon-
siveness was independently associated with decreased 
mortality, even after adjusting for multiple confound-
ers. For this analysis, we considered all dynamic tests as 
a whole. Although the tests are quite different from one 
another, they share the same underlying principle: to 
mimic the effect of a fluid bolus on stroke volume [8]. 
For this purpose, these tests take into account heart–
lung interactions during mechanical ventilation or the 
response to postural changes.

Despite this rationale, small randomized controlled tri-
als have failed to demonstrate that using dynamic tests 
to guide fluid resuscitation decreases mortality. In one 
study, 60 patients with septic shock who had received 
at least 25 mL/kg of crystalloids were allocated to intra-
vascular volume expansion guided by either dynamic 
preload indices (pulse pressure variation and passive 
leg raising) or by central venous pressure [47]. The use 
of dynamic indices resulted in less fluid intake, but dif-
ferences in mortality did not reach statistical signifi-
cance (23 vs. 47%). In another study, fluid resuscitation 
based on the dynamic assessment of fluid responsive-
ness was compared to standard care in 82 patients who 
had received volume expansion with ≥ 30  mL/kg of 
crystalloids. Yet fluid balance or outcomes did not differ 
between groups [48]. Another study carried out in 122 
septic patients on arrival at the emergency department 
showed that fluid resuscitation guided by the passive leg-
raising maneuver did not improve outcomes [49]. In 101 
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patients with septic shock, the use of stroke volume vari-
ation decreased acute kidney injury, but did not improve 
other outcomes [50]. Passive leg-raising combined with 
transthoracic echocardiography improved lactate levels, 
pulmonary oxygenation and edema, and decreased hos-
pital stay but had no effect on mortality [51]. Accord-
ingly, a recent meta-analysis including four studies (365 
patients) found no significant difference in mortal-
ity between septic patients resuscitated with a volume 
responsiveness-guided approach compared with stand-
ard care [52]. Nevertheless, adequately powered clinical 
trials are lacking.

Our study has limitations. The observational design 
does not allow drawing definitive conclusions. In addi-
tion, a selection bias related to voluntary participation is 
possible. As this was not a clinical trial, the time-points of 
assessment of hypoperfusion were not pre-specified, but 
were left to physician evaluation. Moreover, the amount 
of fluid boluses are not available. It is possible that the 
use of dynamic tests of fluid responsiveness might act 
as a confounder of physicians’ expertise and/or better-
equipped ICUs, hence the decreased mortality could be a 
consequence of these two factors. However, an independ-
ent effect of the different centers on mortality was not 
found in the mixed-effects regression analysis.

Conclusions
In this prospective observational study assessing the 
characteristics of resuscitation in septic patients in 
Argentina, a LMIC country, the prevalent use of an initial 
fluid load with 0.9% normal saline solution and the early 
administration of norepinephrine reflect current world-
wide practices. More than half of patients developed 
persistent or recurrent hypoperfusion after initial resus-
citation with 30 mL/kg of fluids, which required further 
volume expansion. In this setting, the assessment of fluid 
responsiveness with dynamic tests to guide fluid resusci-
tation was independently associated with decreased mor-
tality. Large controlled trials are required to confirm this 
observation.
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