
Introduction

Discussing the meaning of time in the context of 

intensive care medicine implies that one has to deal with 

one of the oldest questions of mankind; that is, ‘what is 

time?’ Th e answer can be elaborated philosophically 

(‘Time … is what keeps everything from happening at 

once’; Ray Cummings, 1922), economically (‘Time is 

money’; Benjamin Franklin, 1748), or physically (‘Time is 

relative’; Albert Einstein, 1905).

Modern medicine  – and especially intensive care 

medicine – is currently more time-dependent than ever; 

not only because of the increasing importance of 

economic aspects, but also due to the meaning of early 

organ support in the perspective of patient-centered 

outcome. However, one should critically pose the 

question of whether it always makes sense to equate the 

meaning of ‘time-saving’ with ‘better’. A critical view on 

some well-established concepts (dogmas) therefore 

appears to be timely and may also help in evaluating 

whether the views of Cummings, Franklin and Einstein 

are transferable to modern intensive care medicine.

Antibiotic therapy in septic patients

At fi rst glance, one may assume that there is no con tro-

versy concerning the timing of antibiotic administration 

in septic patients. According to the Surviving Sepsis 

Campaign Guidelines 2008, antibiotic therapy should be 

initiated ‘as early as possible and always within the fi rst 

hour of recognizing severe sepsis (1D) and septic shock 

(1B)’ [1]. Furthermore, the well-known Tarragona strategy 

implies one should ‘hit hard and early’ with antibiotic 

therapy in septic patients [2]. If this concept is commonly 

accepted, why is it important to think again about the 

right timing of antibiotic therapy?

In this context, it is noteworthy that Kumar and 

colleagues performed a retrospective cohort study with 

2,731 septic shock patients. Th e primary endpoint of this 

trial was to determine the impact of antibiotic timing on 

survival to hospital discharge. In fact, the investigators 

reported a strong correlation between delay in eff ective 

antibiotic therapy and in-hospital mortality after recur-

rent or persistent arterial hypotension (P <0.0001) [3]. In 

addition, Kumar and colleagues noticed a decrease in 
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sur vival by 7.6% for the delay of 1  hour of antibiotic 

therapy over the ensuing 6 hours. Th e authors concluded 

that survival is signifi cantly improved following eff ective 

antimicrobial therapy within the fi rst hour after the onset 

of arterial hypotension. Antibiotic therapy was con-

sidered eff ective, when there was appropriate in vitro 

activity for the isolated pathogenic microorganism or the 

underlying clinical syndrome. In this context it is 

especially important to note that only 50% of the patients 

received eff ective antibiotic therapy within the fi rst 

6 hours [3]. Although the observation of an hourly increase 

of mortality by 7.6% appears to be pretty high (extra po-

lated death of 100% after a delay of 13.2 hours), the strong 

association between initiation of early antibiotic therapy 

in septic patients with arterial hypotension and survival 

represents a meaningful (and at the same time logical) 

fi nding.

A single-center cohort study by Gaieski and colleagues 

in 261 patients with severe sepsis undergoing early goal-

directed therapy (EGDT) examined the eff ects of time 

from triage and from qualifi cation for EGDT to antibiotic 

administration, as well as the meaning of appro-

priateness, on survival. At fi rst glance it appears 

surprising that the authors noticed no signifi cant 

correlation between mortality and time from triage or 

qualifi cation for EGDT to antibiotics at diff erent hourly 

cutoff  points [4]. However, time from triage and quali-

fi cation for EGDT to appropriate antibiotic therapy was 

signifi cantly associated with reduced mortality at the 

<1  hour cutoff  point (odds ratio  = 0.3 and 0.5, each 

P <0.03). Th e authors concluded that the delay to admini-

stration of appropriate antimicrobial therapy represents 

the primary determinant of mortality in septic shock 

patients [4].

Puskarich and colleagues performed a multicenter 

controlled trial in US emergency departments and en-

rolled 291 patients with septic shock. Addressing the 

time point of initial antibiotic administration, the 

patients were categorized into time from triage and into 

time from shock recognition to antibiotics [5]. Interest-

ingly, the authors found no change in mortality with 

hourly delayed antibiotic therapy up to 6 hours after 

triage and after recognition of shock. Vice versa, anti-

biotic administration before recognition of shock was 

associated with a lower mortality as compared with 

antibiotic administration after recognition of shock (odds 

ratio = 2.35, 95% confi dence interval = 1.12 to 4.53) [5].

When summarizing the above-referenced studies, it 

becomes obvious that time plays a crucial factor in 

antibiotic treatment of patients with sepsis and septic 

shock. Since self-healing of a severe systemic infl amma-

tion is unlikely, common sense indicates that one should 

initiate antibiotic therapy as soon as possible. However, it 

should be taken into account that it is not enough to hit 

hard and early alone. While many therapeutic strategies 

focus on the role of time, the meaning of an eff ective and 

appropriate antibiotic therapy also has to be considered. 

In view of the Surviving Sepsis Campaign Guidelines and 

the Tarragona strategy, it makes sense to ‘hit hard, early 

and appropriately’. Since trying to get to the point 

without a clear target makes little sense, the antibiotic 

weapons should be chosen wisely to make the fi rst shot 

count.

Fluid balance and hemodynamic stabilization

Fluid resuscitation represents a cornerstone in supportive 

therapy of septic patients. However, the ‘what, when and 

how’ of the treatment is currently discussed contro ver-

sially. Th e Surviving Sepsis Campaign Guidelines 2008 

recommend fast initial fl uid resuscitation and hemo-

dynamic stabi li zation within 6 hours [1]. Th is recommen-

dation follows from the study by Rivers and colleagues, 

who performed a randomized controlled clinical trial on 

263 emergency care patients with severe sepsis or septic 

shock. Patients were ran dom ized to receive either 6 

hours of standard therapy or 6  hours of central venous 

oxygenation-guided EGDT before admission to the ICU 

[6]. Since in-house mortality was 30.5% in the EGDT 

group and 46.5% in the standard therapy group (P = 0.009), 

the authors concluded that EGDT provides signifi cant 

benefi ts for patients with sepsis and septic shock.

A retrospective pilot study by Alsous and colleagues 

investigated the impact of achieving a negative fl uid 

balance (≥500 ml) on at least 1 day of the fi rst 3 days of 

treatment in 36 septic shock patients. Within this trial, all 

patients with at least 1  day of negative fl uid balance 

survived (n = 11). Th e authors therefore concluded that a 

negative fl uid balance early in the course of the treatment 

predicts survival [7]. Another study evaluating the eff ects 

of fl uid balance on mortality was performed by Boyd and 

colleagues in a post hoc analysis of the Vasopressin and 

Septic Shock Trial. Th e fl uid balance of 778 patients was 

analyzed on the fi rst 4 days of treatment and divided into 

four quartiles, where 1 represents patients with the most 

positive fl uid balance and 4 those patients with the least 

positive fl uid balance. Th e data clearly show that a 

positive fl uid balance early in the treatment (after 

12  hours) and cumulatively (on day  4) was associated 

with increased mortality (each P <0.05) [8].

Based on the available literature, early hemodynamic 

stabilization seems to be benefi cial for septic patients. 

However, a positive fl uid balance may potentially worsen 

patient outcome. From a rational (physiological) point of 

view, it makes sense to infuse liberal amounts of fl uids in 

the initial state of hemodynamic instability. When the 

patient is stabilized (for example, needs no vasopressor 

support any longer), it appears useful to target a negative 

fl uid balance. As stated by Dr Rivers, ‘early liberal, late 
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conservative’ might be the way to go [9]. Another 

important aspect is that fl uid resuscitation should be 

appropriate and demand-oriented. General attempts to 

keep the patient wet or dry should therefore be revisited 

[10]. A key remaining question is: which (cardio vascular) 

targets may actually be considered as valid in hemo-

dynamic support?

Although central venous pressure (CVP) is routinely 

used to guide fl uid therapy, several studies have provided 

evidence that CVP represents an un reliable variable in 

this context [8,11]. Broch and colleagues performed a 

clinical trial with 92 patients undergoing coronary artery 

surgery with the aim of fi nding the ideal predictor of fl uid 

responsiveness [12]. Th e global end-diastolic volume 

index and respiratory variations in left ventricular 

outfl ow tract velocity were compared with pulse pressure 

variation and stroke volume variation. Responding was 

defi ned as an increase in stroke volume index >15% 

during passive leg raising. Whereas CVP was not able to 

predict fl uid responsiveness and showed no correlation 

with the stroke volume index, the global end-diastolic 

volume index and respiratory variations in left ventricular 

out fl ow tract velocity turned out to be reliable predictors 

of fl uid responsiveness. Furthermore, pulse pressure 

variation and stroke volume variation showed the highest 

accuracy in predict ing an increase in the stroke volume 

index [12].

Taken together, early demand-oriented and appropriate 

hemodynamic stabilization in septic patients is desirable. 

However, potential harmful eff ects of subsequent fl uid 

overload should be taken into consideration. Although 

large prospective outcome studies are still lacking, the 

available literature suggests that dynamic hemodynamic 

parameters are superior to CVP in predicting fl uid 

responsiveness in hemodynamically unstable patients.

Sedation in the ICU

To facilitate mechanical ventilation in the ICU, sedative 

agents are often used (in large amounts) [13,14]. 

Although specifi c protocols for sedation and mechanical 

ventilation may reduce ICU length of stay and improve 

outcome [14], it has recently been reported that a daily 

interruption of sedation (wake-up call) did not reduce 

the duration of mechanical ventilation and ICU length of 

stay, but increased the overall need for benzo diazepines 

and the workload of the nurses [15].

Th e most widely used sedatives in Europe are propofol 

and midazolam, often combined with opioids [16]. A 

clinical trial in 60 patients showed that a combination of 

haloperidol and propofol reduced the occurrence of 

respiratory depression when compared with midazolam–

propofol [17].

Th e role of dexmedetomidine for sedation of ICU 

patients was evaluated recently in two randomized 

con trolled trials. Th e investigators reported that the latter 

agent shortened the duration of mechanical ventilation 

versus midazolam but was associated with more adverse 

eff ects [18].

With respect to long-term sedation, Th eilen and 

colleagues compared the pharmacological characteristics 

of propofol in medium-chain and long-chain triglyceride 

emulsion. Th irty patients who required mechanical 

ventilation for at least 48 hours received either propofol 

2% medium-chain triglyceride/long-chain triglyceride or 

propofol 2% long-chain triglyceride, followed by measure-

ments concerning propofol serum and plasma trigly-

ceride levels. Interestingly, the medium-chain tryglyceride/

long-chain triglyceride group was characterized by a 

faster elimi nation of the triglycerides post treatment [19]. 

Another trial by Mesnil and colleagues compared the 

eff ects of inhaled sevofl urane with intravenous propofol 

and midazolam in 47 patients receiving sedation for at 

least 24 hours. Th e primary endpoints were wake-up 

times and extubation delay after termination of sedation. 

Th e patients allocated to the sevofl urane group showed 

signifi cantly shorter wake-up time and extubation delay 

(P  <0.01) as compared with the intravenous groups. 

Similarly, the morphine consumption was lower, and no 

hallucination episodes occurred during the 24-hour post-

extubation period in the sevofl urane group [20]. Th e use 

of volatile agents in the ICU, however, requires a 

specialist medical device and trained staff .

While experts argue what might be the best sedative 

agent, a Scandinavian team led by Strøm performed a 

single-blinded cohort study in which 140 mechanically 

ventilated patients were randomly assigned to receive 

either sedation with daily wake up or no sedation [21]. 

Two years later, 13 patients from each group were 

interviewed by a neuropsychologist concerning quality of 

life, the Becks depression index and state anxiety scores. 

Since there were no diff erences between the two groups, 

the authors concluded that a no-sedation protocol does 

not increase the risk of psychological sequelae when 

compared with a standard sedation protocol [21].

In addition to the choice of the right sedative agent in 

mechanically ventilated patients, the correct timing of 

and protocols for the weaning assessment are also of 

crucial importance. In this context, Girard and colleagues 

investigated the eff ects of two diff erent weaning protocols 

in 336 ventilated patients. Th e primary endpoint was 

spontaneous breathing without assistance. Th e patients 

were randomly assigned to undergo daily spontaneous 

awakening trials followed by spontaneous breathing trials 

or sedation plus daily spontaneous breathing trials. 

Interestingly, patients in the intervention group (spon-

taneous awakening trials + spontaneous breathing trials) 

were characterized by more days of breathing without 

assistance, earlier discharge from the ICU and hospital, 
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as well as a lower mortality in the year after randomi-

zation as compared with the control group (each P <0.05) 

[22].

When reviewing the current literature on this topic, it 

appears that the concept of ‘as much as needed and the 

least possible’ is most appropriate to enable a fast 

extubation and to prevent iatrogenic arterial hypotension 

secondary to the use of (high doses of ) vasodilatory 

agents.

Renal replacement therapy in the ICU

While more than 25% of critically ill patients in the ICU 

develop acute kidney injury, there are two contrary 

opinions about how to deal with the renal replacement 

therapy (RRT). Rimes-Stigare and colleagues reviewed 22 

studies concerning adults with acute kidney injury and 

RRT. According to the authors, early initiation of RRT 

and fi ne-tuning of the technique may improve outcome 

[23]. On the other hand, a study by Elseviers and 

colleagues in nine ICUs with 1,303 patients (serum 

creatinine >2  mg/dl) compared conservative treatment 

(control of volume, electrolytes, and acid–base balance, 

as well as specifi c drug management) with either inter-

mittent RRT or continuous RRT. Within this trial, the 

RRT group showed a higher mortality and prolonged 

length of ICU and hospital stay – leading to the con clu-

sion that a more critical approach for the use of RRT 

might be necessary [24].

Is it now timely to ask whether or not we should use 

RRT in the ICU? Perhaps it is less a question of ‘yes or no’, 

but rather about ‘when and how’ to use RRT.

Regarding the ‘how’, the VA/NIH Acute Renal Failure 

Trial Network performed a randomized controlled trial 

with 1,124 critically ill patients suff ering from acute 

kidney injury and failure of at least one non-renal organ or 

sepsis [25]. Th e patients were randomly assigned to receive 

either intensive RRT (defi ned as intermittent hemo-

dialysis and low-effi  ciency dialysis six times per week and 

continuous venovenous hemodialysis of 35  ml/kg/hour) 

or less intensive RRT (defi ned as corresponding treat-

ments three times per week with 20  ml/kg/hour). Th e 

primary endpoint was death by any cause 60  days post 

randomi zation. Interestingly, no signifi cant diff erence 

was found between the treatment groups regarding 

mortality, recovery of kidney function and duration of 

RRT [25]. One year later, a similar multicenter random-

ized con trolled trial with 1,508 critically ill adults 

suff ering from acute kidney injury was performed by 

Bellomo and colleagues. Th e patients underwent either 

higher inten sity RRT (continu ous venovenous hemo-

dialysis, effl  uent fl ow 40  ml/kg/hour) or lower intensity 

RRT (continuous venovenous hemo dialysis, effl  uent fl ow 

25 ml/kg/hour). While there were no signi fi  cant diff er en-

ces between the treatment groups con cern ing 90-day 

mortality (44.7% in each group), the patients of the 

intensive RRT group had a higher rate of hypophos-

phatemia (P <0.001) [26].

According to these two large-scale studies, there seems 

to be no obvious benefi t in ‘hit-hard’ treatment 

concerning RRT, which should enable us to refl ect on 

whether ‘hit medium’ might be enough. However, the 

right time point for RRT initiation remains to be clarifi ed.

A large meta-analysis by Karvellas and colleagues 

compared the eff ects of ‘early versus late initiation of RRT 

in critically ill patients with acute kidney injury’ [27]. In 

this systematic review of 15 original studies (two 

randomized, four prospective, nine retrospective cohort), 

early initiation of RRT showed a signifi cant improvement 

in 28-day survival as compared with late initiation of RRT 

(odds ratio  = 0.45, 95% confi dence interval  = 0.28 to 

0.72). For completeness, however, one should note that 

the overall results were mostly derived from small trials 

with diff erences in quality and design. Furthermore, the 

criteria for early and late initiation diff ered between the 

reviewed studies, implying that the authors´ conclusion 

about the benefi cial eff ects of early RRT should be 

handled with care. While there is no evidence-based 

recom mendation regarding when RRT should be initiated, 

initiation of RRT remains a non-standardized, subjective 

decision.

Summarizing the current evidence, low-intensive 

continuous RRT (20 to 30  ml/kg/hour) or intermittent 

RRT three times weekly is suggested, whereas continuous 

RRT should be the fi rst choice for hemodynamically 

instable patients [28]. Th e recommendations concerning 

the right timing still remain inhomogeneous. Early RRT 

seems to be benefi cial only in the presence of specifi c co-

morbidities (that is, fl uid overload, sepsis, respiratory 

failure, and so forth). Further studies are urgently needed 

to determine the optimal time point for the initiation of 

RRT. Perhaps new renal biomarkers will help to make 

initiation of RRT less subjective than it is today.

Conclusion

Time is relative, even for the critically ill ICU patient. 

Einstein was right that not all medical interventions have 

to follow the same rules regarding the timing of their 

application and removal. Obviously, it is good getting to 

the point, provided one knows what that point is. In this 

context, the Tarragona strategy with the implication to 

‘hit hard and early’ has a fi rm raison d’être, especially 

when the antibiotic is appropriate for the underlying 

disease. However, this concept should not be uncritically 

transferred to other medical interventions.

Perhaps Cummings, Franklin and Einstein were all 

right, so that each of the three theories could have its 

place in modern medicine. However, with all due respect 

for these three geniuses, one should always take into 
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consideration that one size does not fi t all. All 

interventions in critically ill patients should therefore be 

evaluated carefully and individually. Although timing 

plays a crucial role in the treatment of intensive care 

patients, ‘Th ere is more to life than simply increasing its 

speed’ (Mahatma Gandhi).
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