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Dear Editor,

Fluid administration is fundamental in the treatment 
of sepsis and septic shock, but it is more difficult than a 
simple chemistry titration. Trials [1] and guidelines [2] 
recommend early and adequate fluid resuscitation in 
patients with sepsis and septic shock, as too little fluid 
may extend the duration of shock and organ ischemia, 
both important predictors of outcome. However, we [3] 
and others [4] have found associations between excess 
fluid administration and increased mortality due to sep-
tic shock, leading us to recommend a cautious approach 
to fluid resuscitation [5]. The definition of just how much 
fluid is adequate (or not) for good management of septic 
patients has been debated for years, and it is not yet clear 
precisely how much fluid is “excessive”, thereby increas-
ing the risk of mortality.

In a recent article in Intensive Care Medicine, Marik 
and colleagues [6] reported the results of their carefully 
designed cohort study of a large U.S. database (2013 Pre-
mier Hospital Discharge database; n =  23,513 patients) 
in which they examined the relationships of fluid admin-
istration with outcomes (hospital mortality) of severe 
sepsis and septic shock. They also “assessed trends in the 
difference between actual and expected mortality in the 
low fluid range (1–5 L day one fluids) and the high fluid 
range (5–9+ L day one fluids)”. The 5-L cut-off is inter-
esting as it was defined by previously reported results [7] 
and confirmed very nicely by these authors. Day 1 fluid 
input averaged 4.4 L and was higher in patients who were 
ventilated and in shock than in patients without these 
diagnoses. Lower fluid volume (1–4.99 L) was associated 

with slightly lower mortality. Increasing fluid volume 
to >5 L was associated with increased risk of death—an 
additional 2.3% for each extra liter exceeding 5 L. In addi-
tion, the actual mortality exceeded the expected mor-
tality for patients who received >5  L of fluids on day 1, 
particularly in those receiving ≥7  L. This difference 
(actual vs. expected mortality) was found in patients who 
were (1) ventilated but not in shock, (2) in shock but not 
ventilated, and (3) ventilated and in shock (as demon-
strated in Fig. 3 in the original paper).

The strengths of this cohort study are mainly the 
large sample size, across a wide range of U.S. hospi-
tals, a priori defined fluid threshold, and the analytic 
approaches, (propensity matching of cases and controls, 
actual vs. expected mortality). Also (although this is a 
pragmatic cohort study), the authors evaluated the simi-
larities between their study and important randomized 
controlled trials (RCTs) of early goal-directed therapy 
(EGDT) in the USA (PROCESS [8]), UK (PROMISE [9]), 
and Australia (ARISE [10]).

The greatest limitation of the study is that it is an asso-
ciation study, i.e., we can only speculate on causality. It 
is not surprising that patients in shock and/or on venti-
lation were sicker, needed more fluids, and had higher 
mortality. Thus, we are depending on the adequacy of 
the actual versus predicted mortality comparisons to 
suggest that fluid administration of >5 L was associated 
with increased mortality in patients in shock and/or on 
ventilation. Another limitation is that day 1 was defined 
and calculated as a calendar day, not 24  h. This would 
have impacted day 1 results, as the fluid-administered 
patients who had a 1-h day 1 are included in the same day 
1 as patients who had a 23-h day 1. Although the authors 
adjusted for this variation in the duration of day 1 by 
excluding patients who received less than 1  L, this may 
not be an adequate adjustment.
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This study is reminiscent of the one conducted by 
Kumar et  al. which showed associations of delays in 
antibiotics and increased mortality of septic shock [11], 
leading to strong recommendations for early (within 1 h) 
antibiotic treatment of patients in septic shock [2]. How-
ever, while there will likely not be RCTs of early versus 
delayed antibiotics for ethical reasons, there are now at 
least four trials of EGDT [1, 8–10] versus usual care. The 
“post-Rivers” RCTs show no difference between EGDT 
and usual care has led to interpretations that usual care 
(that limited fluids compared to EGDT) is supported by 
meta-analyses [12] and is now preferred [13].

Although the results reported by Marik and colleagues 
[6] seem to align with those of these RCTs and meta-
analyses, it must be stated that EGDT is a complex and 
multi-dimensional intervention that includes fluids, 
vasopressors, inotropic agents, and red blood cell trans-
fusion, guided by central venous oxygen saturation. Thus, 
we are left with an ongoing gap in evidence regarding a 
“safe” upper limit of fluids in sepsis. Furthermore, the 
5  L cut-off is derived from a specific group of patients, 
without consideration being given to the wide variation 
of the individual patient’s fluid requirements. The latter is 
another compelling reason why, in our opinion, it is quite 
improbable that we find a “safe” upper cut-off for fluid 
volume administration that can be applied to individual 
patients.

The clinical take-home message from the paper (not 
entirely novel or unexpected) is that optimal fluid 

resuscitation is a truly important factor in shock and in 
acute respiratory failure. The authors found striking mor-
tality effects in patients who received high volume resus-
citation and mechanical ventilation (regardless if shock 
was present) and in patients who received low-volume 
resuscitation and had shock but were not mechanically 
ventilated (perhaps representing “under-resuscitated” 
patients). Additionally, the U shape of actual mortality 
(i.e., higher mortality in patients administered low- and 
high-volume fluids) in patients (1) with shock but with-
out ventilation and (2) without shock but with ventila-
tion is noteworthy. One reason for these findings is that 
patients presenting with respiratory failure and/or shock 
have more pronounced “dysregulated host response to 
infection” (as per sepsis definition) [14]. Consequently, 
they may more frequently have excessive vasodilatation 
and vascular hyporesponsiveness [15], mitochondrial 
dysfunction [16], global myocardial depression [16], and 
increased vascular permeability [17]. Therefore, there 
are penalties for under- and over-resuscitating leading to 
an increased risk of organ ischemia/hypoxia and organ 
edema, respectively [5] (Fig. 1).

In summary, Marik and colleagues [6] have con-
ducted a very nice cohort study of a large representa-
tive sample of the U.S. critically ill population, with the 
results suggesting that fluid administration which is 
inadequate or excessive is potentially harmful [5] in sep-
sis and septic shock. However, the statement that there 
is a “magical number”—5  L—representing a threshold 

Fig. 1 Hospital mortality according to patient groups of (1) no MV or shock, (2) MV but no shock, (3) shock but no MV, and (4) MV and shock. Sicker 
patients have a greater dysregulated host response to infection and increased mortality, in part because the sickest patients commonly suffer the 
penalties for under- and over- resuscitation, i.e. organ ischemia/hypoxia and organ edema, respectively, thereby increasing the risk of sepsis-related 
organ dysfunction. MV Mechanical ventilation
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of over-resuscitation risk in sepsis is questionable. The 
argument would be more cogent if these results were val-
idated in independent large cohorts from other countries 
or regions.
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