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70 yr old woman transferred from Hillingdon Hospital in respiratory failure	



History of present complaint:	


Developed a mild chest infection while in India, worsened while in Dubai on 
return flight	


Admitted to Hillingdon - after failed NIV, intubated, paralysed and ventilated with 
respiratory failure as well as suspected PE (dilated RV +/- ACS raised troponins)	


Rx: Therapeutic heparin, ACS and broad spectrum antibiotics plus Oseltamivir	


Tx to Ealing where over next 1 1/2 days condition worsened	



P/F 11 on PEEP 14 and Vt 450 ml (protective lung ventilation ~ 320mL)	


ELWI is 24 on PICCO	


Lactate 7 + ScvO2 61%	


BP 80/35	



2 episodes of SVT at 180-200 /minute, Rx Amiodarone and digoxin	


Cautious introduction of Noradrenaline, Dobutamine, Hydrocortisone

Clinical case





Any ideas what to do next  ?????
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of invasive mechanical ventilation, length of stay 
in the ICU, incidence of pneumothorax, rate of use 
of noninvasive ventilation after extubation, and 
tracheotomy rate did not differ significantly be-
tween the two groups (Table 3).

Complications
A total of 31 cardiac arrests occurred in the su-
pine group, and 16 in the prone group (P = 0.02). 
There were no significant differences between 
the groups with respect to other adverse effects 
(Table S6 in the Supplementary Appendix).

Discussion

Survival after severe ARDS was significantly high-
er in the prone group than in the supine group. 
Furthermore, the effect size was large despite the 
fact that mortality in the supine group was lower 
than anticipated.

Our results are consistent with findings from 
previous meta-analyses2,11 and an observational 
study,18 even though prior randomized trials have 
failed to show a survival benefit with prone po-
sitioning. Meta-analyses of ARDS studies have 
suggested that the outcomes with prone posi-
tioning are better in the subgroup of patients with 
severe hypoxemia.2,11 However, when we stratified 
our analysis according to quartile of Pao2:Fio2 

ratio at enrollment, we found no significant dif-
ferences in outcomes (Table S8 in the Supple-
mentary Appendix).

Several factors may explain our results. First, 
patients with severe ARDS were selected on the 
basis of oxygenation together with PEEP and Fio2 
levels. Second, patients were included after a 
12-to-24-hour period during which the ARDS 
criteria were confirmed. This period may have 
contributed to the selection of patients with more 
severe ARDS19 who could benefit from the ad-
vantages of the prone positioning, such as relief 
of severe hypoxemia and prevention of ventilator-
induced lung injury. A previous study has shown 
that prone positioning, as compared with supine 
positioning, markedly reduces the overinflated 
lung areas while promoting alveolar recruitment.5 
These effects (reduction in overdistention and 
recruitment enhancement) may help prevent ven-
tilator-induced lung injury by homogenizing the 
distribution of stress and strain within the 
lungs. In our trial, alveolar recruitment was not 
directly assessed. However, studies have shown 
that lung recruitability correlates with the extent 
of hypoxemia20,21 and that the transpulmonary 
pressure along the ventral-to-dorsal axis is more 
homogeneously distributed in the prone position 
than in the supine position.22 We therefore sug-
gest that prone positioning in our patients induced 
a decrease in lung stress and strain.

Third, as in previous investigations,9,10 we 
used long prone-positioning sessions. Fourth, the 
prone position was applied for 73% of the time 
ascribed to the intervention and was concentrated 
over a period of a few days. Fifth, in our trial, 
the tidal volume was lower than in previous tri-
als,9,10 and the PplatRS was kept below 30 cm of 
water. However, because all patients were returned 
to the supine position at least once a day, the 
effect of the prone position itself cannot be dis-
tinguished from the effects of being moved from 
the supine to the prone position over the course 
of a day.

We should acknowledge that the technical 
aspects of prone positioning are not simple and 
that a coordinated team effort is required (see 
Videos 1 and 2, available at NEJM.org). All cen-
ters participating in this study were skilled in 
the process of turning patients from the supine 
to the prone position, as shown by the absence 
of adverse events directly related to repositioning. 
Because the experience of the units may explain 
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Figure 2. Kaplan–Meier Plot of the Probability of Survival from Randomiza-
tion to Day 90.

Videos showing 
prone positioning 

of patients with 
ARDS are  

available at 
NEJM.org 
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THE LADY IS FOR TURNING…



in the prone than in the supine position, whereas perfusion is
similar in both conditions, the ventilation–perfusion ratios are
more homogeneously distributed in the prone position (9).
ARDS lung. During ARDS, the primary alteration of this

schema owes to increased lung mass (10), which may develop
a superimposed pressure four to five times greater than normal
and collapse the most dependent lung regions (compression at-
electasis) (2). The contributions of shape matching, heart weight,
and abdominal pressure (11) to lung collapse are overshadowed
by the increase in superimposed pressure, which remains its pri-
mary cause. When patients are shifted into the prone position,
chest wall compliance decreases (12) and lung density redistrib-
utes from dorsal to ventral (6) as a consequence of recruitment in
dorsal lung regions and collapse of ventral ones (see Figure 2).
The decrease in chest wall compliance, per se, would result in an
increase in plateau pressure during volume control ventilation or
a decrease in tidal volume during pressure control ventilation.
These effects, however, may be offset if dorsal recruitment pre-
vails over ventral derecruitment, leading to increased lung com-
pliance. Because the lung mass is anatomically greater in dorsal
regions (nondependent when prone) than in ventral regions (de-
pendent when prone), the increased aeration and recruitment of
the dorsal regions tend to exceed the decreased aeration and
derecruitment of the ventral regions (6, 13).

Gas Exchange in Prone Position

Oxygenation. The PaO2
improvement, observed without excep-

tion in all clinical (14) and experimental (15, 16) studies dealing
with the prone position, may be due either to recruitment and
aeration of perfused and previously degassed lung regions or to
diversion of blood flow from gasless regions to aerated ones.
The redistribution of blood flow seems unlikely as the primary
mechanism. In fact, the bulk of available data, obtained in ex-
perimental animals with microspheres (17) and by positron

emission tomography (18), suggests that blood flow distribution
does not change substantially in the conversion from the supine
to prone position. The fact that nitric oxide inhalation adds to
the positional PaO2

increase (19–22) suggests indirectly that
blood flow is not redirected by prone positioning per se. There-
fore, the most probable mechanism of oxygenation improve-
ment is that the recruitment of perfused tissue in dorsal
regions exceeds ventral derecruitment. To improve oxygenation
it is sufficient that the recruited regions remain inflated; such
zones, however, are not necessarily well ventilated. Therefore,
the responses of oxygenation and CO2 clearance to proning may
present different patterns (23).
CO2 clearance. In ARDS, impaired CO2 clearance reflects

structural changes of the lung parenchyma, such as alveolar wall
destruction, microthrombosis, cysts, blebs, and edema (24), and
strongly predicts outcome (25, 26). Dead space and PaCO2

do
not necessarily change when patients are transitioned from su-
pine to prone. However, by dividing patients with ARDS into
two groups according to the median change in PaCO2

after the
first pronation, we found that those who decreased PaCO2

in the
prone position with unchanged minute ventilation experienced
greater lung recruitment (23) and better outcomes (27) than
those who increased their PaCO2

. This benefit occurred indepen-
dently of oxygenation response.

Proning may improve CO2 clearance if repositioning causes
dorsal recruitment to prevail over ventral derecruitment, and/or
if hyperinflation that occurs in ventral regions when supine
decreases to improve compliance (13, 28). In the first case, the
increase in CO2 clearance owes to an increased number of open
and ventilated alveoli; in the second case, reduced overdisten-
tion allows better ventilation of previously hyperinflated units.
Both mechanisms lead to a decrease in regional stress and strain
and may explain why improved CO2 clearance, and not oxygen-
ation, relates to outcome.

Figure 1. A model showing the relative
and combined effects of shape matching
of the lung to the chest wall and of grav-
ity on the distribution of alveolar size (in-
flation) along the vertical axis. Top,
supine position: (A) Original shape of the
isolated lung (cone). In the absence of
gravity, all pulmonary units (spheres)
are equally inflated. (B) In the absence
of gravity, the cone, attempting to adapt
its shape to the confining chest wall (cyl-
inder), must expand its upper regions
more than the lower regions. Therefore
the upper pulmonary units increase their
size (and experience greater strain). (C)
With the application of gravitational
force the chest wall–confined pulmonary
units at a given level are compressed by
the weight of the units of the levels
above. The composite effect is reflected
in the scale of the upper panel, in which
we show the decrease in the gas-to-tissue
ratio from sternum to vertebra in normal
subjects (n ¼ 7) and in patients with
acute respiratory distress syndrome (n ¼
10), rearranged from Reference 6. Bot-

tom, prone position: (D) Original shape of the isolated lung in the prone position. In the absence of gravity all pulmonary units are equally inflated.
(E) Shape matching in the absence of gravity leads to expansion of the ventral pulmonary units, which, unlike when supine, are now in the
dependent position. (F) Applying gravitational forces decreases the size of the pulmonary units that bear the weight of the units above. Note that in
the supine position shape matching and gravity act in the same direction, jointly expanding the ventral regions, whereas in the prone position, they
act in opposing directions. The final effect is to “damp” the gravitational forces by shape matching, allowing more homogeneous inflation of the
pulmonary units from sternum to vertebra, as reflected by a shift along the scale of gas-to-tissue ratios.
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Prone position in ARDS 
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PRONE POSITIONING AND VENTILATOR-INDUCED
LUNG INJURY

Experimental Evidence for Proning Effect

Experimental studies provide convincing evidence that prone po-
sitioning influences the generation and evolution of ventilator-
induced lung injury (VILI). VILI arises from repeated application
of high mechanical forces that either tear fragile tissue directly or
initiate signaling that culminates in inflammatory change (29, 30).
Interfacial zones at the junction of open and closed tissues, which
are prevalent in gravitationally dependent zones (31), are sub-
jected to amplified tensions, to surfactant-depleting tidal cycles
of airspace opening and closure, and to shearing forces higher that
those experienced among lung units that remain continuously
open (32). Characteristics of the alveolar environment, notably
vascular pressures, surface tension, abnormal pH, and oxygen con-
centration, either influence the amplitude of mechanical stresses
applied to the alveolar capillary membrane, or condition its inflam-
matory response. Last, airway biofluids and secretions may directly
inhibit surfactant viability or production, impede the ease of air-
space opening, or predispose to lung infection (33, 34). Regional
mechanics, vascular filling, and airway drainage are each affected
by prone positioning.

Regional Mechanics

The prone position may alter absolute lung volume as well as its
distribution. Reports from various investigators conflict regarding
the impact of proning on FRC (35). Inconsistencies relate poten-
tially to differences in the preexisting recruitability of the lung,
respiratory muscle activity, flexibility and shape of the chest wall
(36, 37), nature of the supporting surface (38), and presence of
abdominal hypertension (39). It is generally conceded, however,
that any increment in FRC that occurs after turning neither fully
explains the proning-related improvements in oxygenation nor the
reduced propensity to VILI. The regional distribution of trans-
pulmonary forces across the lung appear to be of greater impor-
tance (6, 17, 40).

From the viewpoint of airspace mechanics, the more even dis-
tribution of transpulmonary pressure that results from prone po-
sitioning helps establish and sustain recruitment in response to
positive end-expiratory pressure (PEEP) (41–43). An experi-
mental study using quantitative CT in patients with ARDS
strongly suggests that prone positioning may add to the effi-
ciency of PEEP by improving recruitment while diminishing
alveolar hyperinflation (12). Evening the distribution of trans-
pulmonary forces promotes uniformity of ventilation–perfusion
matching ratios in acutely injured lungs (44). Resolving dispar-
ities of regional alveolar distension may also help prevent inap-
propriate redirection of blood flow from inflated to collapsed
tissues in response to rising PEEP and mean airway pressure.

Prone positioning relieves cardiac compression of the supporting
lung and may improve lymphatic drainage as the heart moves
inferiorly toward the sternum (8), helping to explain why
prone positioning improves the gas-exchanging efficiency
and gradual resolution of hydrostatic edema An experimental
study using quantitative CT in patients with ARDS strongly
suggests that prone positioning may add to the efficiency of
PEEP by improving recruitment while diminishing alveolar
hyperinflation (13).

Distribution of VILI

VILI favors gravitationally dependent areas, whatever the postural
orientation (8). For example, the dorsal regions are predisposed to
injury in the supine position (being dependent) but are relatively
spared when prone (being nondependent). By reducing the num-
ber of interfaces between open and closed units, as well as by
moderating transpulmonary forces, the excursions of mechanical
tension on well-vascularized dorsal tissues (effective driving pres-
sures) are lessened. Hemorrhagic pulmonary edema and inflam-
mation that result in healthy lungs from adverse ventilation is
differentially affected by positioning (45, 46). In both healthy
canine lungs and those preinjured by infused oleic acid, proning
may reduce dorsal hemorrhage, edema, and inflammation other-
wise incurred during supine ventilation whereas nondependent
zones are relatively spared (45, 46). Prone positioning could delay
injury onset, rather than attenuate the eventual extent of injury
(47), but the issue of whether reduced severity or slower devel-
opment predominates as the primary effect of prone positioning
remains unsettled.

Nonmechanical Cofactors of VILI

In addition to reducing regional transpulmonary force disparities,
prone positioning confers a secondary benefit simply by improving
the ratio of the partial pressure of oxygen in arterial blood to the
fraction of inspired oxygen (PaO2

/FIO2
ratio), thereby reducing the

need for iatrogenic intervention to sustain it. Measures normally
taken to improve oxygenation or increase ventilation when su-
pine may encourage VILI; improved oxygenation and ventilation
efficiency by prone positioning may allow reduction of FIO2

(48),
infused fluid volume, and mean airway pressure (49), thereby
lowering the risk of injury to mechanically stressed membranes
and/or right ventricular loading (50).

Apart from effects on the airspaces, gravitational forces influ-
ence regional vascular pressures, airway drainage, and efficiency of
the lymphatic sump. Dependent vasculature is exposed to greater
hydrostatic forces than is nondependent vasculature. These depen-
dent regions are also at risk for collecting biofluids, which may in-
hibit surfactant, directly injure alveolar epithelial surfaces, or
predispose to infection (51, 52). Prone positioning encourages
transfer of secretions from dorsal lung toward the airway opening.
Cross-compartmental translocation of instilled albumen and bac-
teria has been demonstrated in animal experiments (53–55). In
that work dependent positioning of the previously unaffected lung
predisposed to generalization of pathologic change, as did high
tidal volumes and low levels of PEEP.

Fluids entering the central airway also tend to drain to
gravity-dependent regions. Ladoire and colleagues (56) demon-
strated in the setting of lobar pneumonia that prone positioning
mitigates the tendency toward bacterial contamination of the
unaffected lung. These observations complement those of
Drakulovic and colleagues, Li Bassi and colleagues, and Li
Bassi and Torres, who reported that the propensity for pneu-
monia to occur in patients with ARDS can be attenuated by
prone positioning (57–59). Taken together, the experimental

Figure 2. A representative computed tomography scan of a patient
with acute respiratory distress syndrome in the supine position (left)
and prone position (right). Prone positioning redistributes opacities
from dorsal to ventral zones. End-expiratory images were taken with
the patient sedated and paralyzed immediately before and after assum-
ing the prone position, at identical end-expiratory pressures.
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More homogeneity = less stress and strain = less damage

Carvalho AR et al. Intensive care medicine 2008 Dec; 34(12):2291-9
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ABSTRACT—We sought to determine (a) if early lactate clearance is associated with improved survival in emergency
department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
optimization and lactate clearance; 79% of lactate non-clearance had concomitant ScvO2 of 70% or greater. In this
multicenter cohort of sepsis patients, failing to clear lactate during resuscitation carried a high risk of death, and ScvO2
optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.

KEYWORDS—Shock, severe sepsis, resuscitation, lactic acid, emergency medicine

INTRODUCTION

Severe sepsis is the most common cause of death in
critically ill patients (1). The effectiveness of early resuscita-
tion is an important determinant of sepsis survival (2).
Specifically, early quantitative resuscitation, the use of a
structured set of cardiovascular interventions targeting pre-
defined hemodynamic end points, can have a profound effect
on hospital mortality (3). Currently, international consensus
treatment guidelines recommend a quantitative resuscitation
strategy that includes targeting central venous oxygen satu-
ration (ScvO2) of 70% or greater in the first 6 h of severe
sepsis therapy (4). However, the optimal end points of sepsis
resuscitation remain controversial (5, 6).
Serum lactate elevation is an important marker of impaired

tissue perfusion in patients with sepsis and is often elevated even

in the absence of arterial hypotension (7). Numerous studies
show that a single early lactate measurement has important
prognostic significance and predicts mortality in populations of
patients with infection (8, 9). A small number of studies have
previously reported that serial measurements of lactate have
potential prognostic value during conventional sepsis manage-
ment (10Y12); however, it is not known if lactate clearance is
associated with survival in the context of medical centers that
have adopted and routinely perform aggressive quantitative
resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
optimization and lactate clearance; 79% of lactate non-clearance had concomitant ScvO2 of 70% or greater. In this
multicenter cohort of sepsis patients, failing to clear lactate during resuscitation carried a high risk of death, and ScvO2
optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.

KEYWORDS—Shock, severe sepsis, resuscitation, lactic acid, emergency medicine

INTRODUCTION

Severe sepsis is the most common cause of death in
critically ill patients (1). The effectiveness of early resuscita-
tion is an important determinant of sepsis survival (2).
Specifically, early quantitative resuscitation, the use of a
structured set of cardiovascular interventions targeting pre-
defined hemodynamic end points, can have a profound effect
on hospital mortality (3). Currently, international consensus
treatment guidelines recommend a quantitative resuscitation
strategy that includes targeting central venous oxygen satu-
ration (ScvO2) of 70% or greater in the first 6 h of severe
sepsis therapy (4). However, the optimal end points of sepsis
resuscitation remain controversial (5, 6).
Serum lactate elevation is an important marker of impaired

tissue perfusion in patients with sepsis and is often elevated even

in the absence of arterial hypotension (7). Numerous studies
show that a single early lactate measurement has important
prognostic significance and predicts mortality in populations of
patients with infection (8, 9). A small number of studies have
previously reported that serial measurements of lactate have
potential prognostic value during conventional sepsis manage-
ment (10Y12); however, it is not known if lactate clearance is
associated with survival in the context of medical centers that
have adopted and routinely perform aggressive quantitative
resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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10:1 necessary for multivariate modeling (21, 22); and (c) the multivariate
model would need to, at a minimum, include the following covariates that
have previously been shown to differentiate sepsis survivors from non-
survivors: arterial hypotension (23), failure to achieve ScvO2 70% or greater
(2), and lactate non-clearance (12). To accrue the necessary 30 cases of
mortality to test these three covariates in a multivariate model, we estimated
that a minimum of 120 total cases would be necessary.

RESULTS

Characteristics of study cohort

There were 166 subjects who met inclusion criteria. The
overall mortality rate was 23% (38/166). Table 1 shows
characteristics of the entire cohort. Of the 166 subjects, 110
came from center 1, 22 came from center 2, and 34 came from
center 3. Using multivariate analysis, there was no apparent
center effect on in-hospital mortality.

The quantitative resuscitation algorithm targeting ScvO2
70% or greater was successfully initiated in the ED in 148
(89%) of 166 study subjects. Study patients received an
average of 4.4 L (95% CI, 4.1Y4.7 L) of i.v. crystalloid fluid
during their ED resuscitation. Lactate non-clearance occurred
in 15 (9%) of 166, and the remainder (151/166, 91%) cleared
lactate.

Lactate clearance versus lactate non-clearance

Table 2 displays data for comparison between lactate
clearance and lactate non-clearance groups. Mortality was
60% in the lactate non-clearance group versus 19% in the
lactate clearance group (proportion difference, 41% [95% CI,
19%Y63%; P G 0.001]). Vasopressor use was not significantly
dissimilar between the groups (lactate non-clearance: 11/15 or
73%, and lactate clearance: 87/151 or 58%; P = 0.39). Figure 2
displays the Kaplan-Meier curves for survival fractions over
time. The curves diverge significantly by log-rank test (P =
0.003). There was no significant difference in achievement of

TABLE 1. Characteristics of the study cohort (n = 166)

Age, mean (SD), y 66 (15)

Sex, % female, n (%) 83 (50)

Suspected source of infection in ED, n (%)
Urinary tract 46 (28)

Pneumonia 22 (13)

Skin/soft tissue 23 (14)

Intra-abdominal 14 (8)

Line/device 10 (6)

Other 7 (4)
Unknown primary source 44 (27)

Signs of systemic inflammation, n (%)

Body temperature 938-C or G36-C 131 (79)

Heart rate 990 beats/min 140 (84)

Respiratory rate 920 breaths/min 137 (83)

White blood cell count, 912,000 or G4,000/2L 121 (73)

SBP G90 mmHg despite i.v. fluids, n (%) 91 (55)

Initial serum lactate 94 mmol/L, n (%) 90 (54)

Vasopressor use in ED, n (%) 39 (23)

Individual organ failures, n (%)

Cardiovascular 63 (44)

Pulmonary 28 (17)

Renal 54 (33)

Hepatic 14 (8)

Coagulopathy 23 (14)

Acidosis 140 (84)
Total SOFA score, mean (SD) 3.6 (2.6)

Mortality, n (%) 38 (23)

SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

TABLE 2. Lactate clearance versus lactate non-clearance

Lactate
clearance
(n = 151)

Lactate
non-clearance

(n = 15) P

Age, mean (SD), y 67 (15) 62 (16) 0.22

SBP G90 mmHg despite i.v.
fluids, n (%)

50 (33) 13 (87) 0.02

Initial serum lactate, mean (SD) 4.5 (2.7) 3.9 (1.7) 0.08

Serial serum lactate, mean (SD) 2.3 (1.8) 5.1 (2.9) G0.001

Vasopressor usage, n (%) 87 (58) 11 (73) 0.39

Individual organ failure, n (%)

Cardiovascular 50 (33) 13 (87) G0.001

Pulmonary 25 (17) 3 (20) 0.94

Renal 48 (32) 6 (40) 0.73

Hepatic 12 (8) 2 (13) 0.86

Coagulopathy 18 (12) 5 (33) 0.06

Total SOFA score, mean (SD) 3.6 (2.6) 4.1 (2.3) 0.47

Continuous ScvO2 monitoring,
n (%)

134 (81) 14 (93) 0.42

ScvO2 Q70% achieved 114 (85) 11 (79) 0.84

Mortality, n (%) 29 (19) 9 (60) G0.001

Characteristics of study subjects with lactate clearance (910%) and non-
clearance (G10%) over the first 6 h (n = 166).
SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

FIG. 2. Kaplan-Meier survival curves. This graph depicts survival curves
over time for lactate clearance (lactate decrease by Q10%) and lactate non-
clearance (lactate decrease G10%) groups. The curves diverge significantly
by log-rank test (P = 0.003).

TABLE 3. Lactate clearance and ScvO2 goals

Lactate non-clearance Lactate clearance Total

ScvO2 G70% 3 20 23

ScvO2 Q70% 11 114 125

14 134 148

Among 148 subjects in whom ScvO2 was targeted as an end point of
resuscitation, this table depicts the lack of concordance between lactate
clearance and ScvO2. There was no evidence of a relationship between
lactate clearance and ScvO2 (Fisher exact test, P = 0.457).
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the ScvO2 goal between the two groups (85% lactate clearance
vs. 79% lactate non-clearance; proportional difference, 6%
[95% CI, j14% to 26%]; P = 0.84). Table 3 is a 2 ! 2 table
comparing the concordance of ScvO2 measurement with
lactate clearance. There was no evidence of a relationship
between lactate clearance and ScvO2 (Fisher exact test, P =
0.457). We found discordance between the two measure-
ments. Specifically, 79% of lactate non-clearance had con-
comitant ScvO2 70% or greater.

Survivors versus nonsurvivors

Table 4 compares survivors with nonsurvivors. On bivariate
analysis, there were four factors that were significantly
different (P G 0.05) between survivors and nonsurvivors: (a)
initial cardiovascular organ failure (initial SBP G90 mmHg),
(b) persistent hypotension (SBP G90 mmHg) despite intra-
venous fluids, (c) maximum ScvO2 less than 70%, and (d )
lactate non-clearance. Table 5 shows the results for the multi-
variate logistic regression model. Because ScvO2 had a signif-
icant association with mortality in the bivariate analysis, we
limited the regression model to include only subjects in whom
ScvO2 was measured continuously (n = 148). We omitted one of
the two hypotension-related covariates (initial SBP G90 mmHg)
from inclusion in the model on the grounds that it could be
collinear with the persistent hypotension covariate. Lactate non-
clearance was found to be a strong independent predictor of in-
hospital mortality (odds ratio, 4.9; 95% CI, 1.5Y15.9).

DISCUSSION

In this multicenter sample of ED patients with severe
sepsis, we found that early lactate clearance was a strong
independent predictor of in-hospital death. In addition,
optimization of ScvO2 during resuscitation was not sufficient
to exclude lactate non-clearance. This is the first study to
evaluate the impact of lactate clearance on survival in the
presence of a protocol-directed quantitative resuscitation

algorithm for the treatment of patients with severe sepsis,
and to date, this is the largest study evaluating lactate
clearance in patients with sepsis (10Y12).

The cause of an elevated serum lactate in patients with
sepsis can be multifactorial. Although lactate elevation may
result from acute tissue hypoperfusion and anaerobic metab-
olism (24), other possible causes may include (a) sepsis-
induced impairment of pyruvate-dehydrogenase enzyme
activity (25), (b) increased lactate production via catechol-
amine-driven pathways (26Y28), and (c) decreased lactate
clearance due to hepatic dysfunction (29, 30). However,
regardless of etiology of an elevated serum lactate, lactate
elevation in sepsis has been consistently linked to increased
mortality (7Y12). Although initial reports of lactate clearance
in sepsis were published more than 15 years ago (10),
evaluating lactate trends during resuscitation is not yet part
of the current consensus recommendations for sepsis manage-
ment (4) and is not routinely performed in practice. While
optimizing ScvO2 could in theory be a single comprehensive
monitor of the systemic balance between global oxygen
delivery and consumption in sepsis patients with circulatory
shock (2, 4), our data show that assessment of lactate
clearance is important as a predictor of mortality independent
of achievement of ScvO2 goals and that tracking ScvO2 does
not reliably reflect the effectiveness of lactate clearance
during resuscitation. Therefore, these data suggest that serial
lactate measurement may provide unique and important
information on resuscitation effectiveness.

We acknowledge important limitations in interpreting these
results. First, this is a nonexperimental observational study
and as such can detect only the association between lactate
clearance and mortality but cannot establish cause and effect.
Second, because performing serial lactate measurement in
patients with sepsis is not a mandatory practice in our centers
and measurements are performed at the discretion of the
clinician, this could potentially represent a source of selection
bias. Third, there was a relatively low incidence (9%) of
lactate non-clearance in this cohort. This may be attributable
to highly aggressive resuscitation practices in the EDs of the
participating centers (14Y16). In the only other ED-based
study of lactate clearance in severe sepsis, Nguyen et al. (12)
reported a lactate non-clearance rate of 29% using the same
cutoffs for clearance and non-clearance used in this study. One
potential explanation for this disparity is the aggressiveness of
crystalloid resuscitation administered in the first 6 h, 4.4 L

TABLE 4. Survivors versus nonsurvivors (n = 166)

Survivors
(n = 128)

Nonsurvivors
(n = 38) P

Age, mean (SD), y 66 (15) 66 (16) 1.00

SBP G90 mmHg despite i.v.
fluids, n (%)

42 (33) 21 (55) 0.02

Initial serum lactate, mean (SD) 4.3 (2.6) 4.7 (2.8) 0.41

Serial serum lactate, mean (SD) 2.2 (1.6) 3.6 (2.8) G0.001

Individual organ failure, n (%)

Cardiovascular 42 (33) 21 (55) 0.02

Pulmonary 20 (16) 8 (21) 0.64

Renal 43 (34) 11 (29) 0.70

Hepatic 9 (7) 5 (13) 0.40

Coagulopathy 15 (12) 8 (21) 0.26

Total SOFA score, mean (SD) 3.6 (2.6) 3.7 (2.7) 0.84

Continuous ScvO2 monitoring,
n (%)

112 (87) 36 (95) 0.28

ScvO2 Q70% achieved, n (%) 99 (88) 26 (72) 0.03

Lactate clearance Q10%, n (%) 122 (95) 29 (76) 0.001

TABLE 5. Multivariate logistic regression analysis

Variable Coefficient
Odds
ratio

95% CIs for odds
ratio

Lactate non-clearance 1.59 4.9 1.5Y15.9

Maximum ScvO2 G70% 1.05 2.7 1.1Y7.6

Hypotension despite fluid
challenge

0.10 1.1 0.5Y2.5

Factors associated with increased mortality on bivariate analysis were
evaluated with in-hospital mortality as the dependent variable (n = 148)
Logistic regression model was limited to subjects for which ScvO2 was
measured continuously (148/166).
lactate non-clearance = less than 10% decrease in repeat lactate value;
hypotension = SBP G90 mmHg after a 20-mL/kg i.v. fluid bolus.
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ABSTRACT—We sought to determine (a) if early lactate clearance is associated with improved survival in emergency
department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
optimization and lactate clearance; 79% of lactate non-clearance had concomitant ScvO2 of 70% or greater. In this
multicenter cohort of sepsis patients, failing to clear lactate during resuscitation carried a high risk of death, and ScvO2
optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.
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INTRODUCTION

Severe sepsis is the most common cause of death in
critically ill patients (1). The effectiveness of early resuscita-
tion is an important determinant of sepsis survival (2).
Specifically, early quantitative resuscitation, the use of a
structured set of cardiovascular interventions targeting pre-
defined hemodynamic end points, can have a profound effect
on hospital mortality (3). Currently, international consensus
treatment guidelines recommend a quantitative resuscitation
strategy that includes targeting central venous oxygen satu-
ration (ScvO2) of 70% or greater in the first 6 h of severe
sepsis therapy (4). However, the optimal end points of sepsis
resuscitation remain controversial (5, 6).
Serum lactate elevation is an important marker of impaired

tissue perfusion in patients with sepsis and is often elevated even

in the absence of arterial hypotension (7). Numerous studies
show that a single early lactate measurement has important
prognostic significance and predicts mortality in populations of
patients with infection (8, 9). A small number of studies have
previously reported that serial measurements of lactate have
potential prognostic value during conventional sepsis manage-
ment (10Y12); however, it is not known if lactate clearance is
associated with survival in the context of medical centers that
have adopted and routinely perform aggressive quantitative
resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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ABSTRACT—We sought to determine (a) if early lactate clearance is associated with improved survival in emergency
department patients with severe sepsis and (b) the concordance between central venous oxygen saturation (ScvO2)
optimization and lactate clearance during early sepsis resuscitation. Within a multicenter shock research network that uses
quantitative resuscitation for severe sepsis, we analyzed prospectively collected registries of consecutive emergency
department patients diagnosed with severe sepsis at three urban hospitals. Inclusion criteria are as follows: (a) age older
than 17 years, (b) two or more systemic inflammation criteria, (c) systolic blood pressure 90 mmHg or less after fluid
challenge or initial lactate of 4mmol/L or greater, and (d ) initial and repeat lactate measurement within 6 h of resuscitation
initiation. We stratified patients into two groups defined a priori based on previously published data: (a) lactate
clearanceVrepeat lactate decrease by 10% or greater from initial (or both initial and repeat levels e2.0 mmol/L), and (b)
lactate non-clearanceVrepeat lactate decrease by less than 10% from initial. The primary outcome was in-hospital
mortality. Among 166 patients, lactate non-clearance occurred in 15 (9%) of 166. Mortality was 60% for lactate non-
clearance versus 19% for lactate clearance, P G 0.001. On multivariate analysis, lactate non-clearance was an
independent predictor of death (odds ratio, 4.9 [confidence interval, 1.5Y15.9]). We found discordance between ScvO2
optimization and lactate clearance; 79% of lactate non-clearance had concomitant ScvO2 of 70% or greater. In this
multicenter cohort of sepsis patients, failing to clear lactate during resuscitation carried a high risk of death, and ScvO2
optimization did not reliably exclude lactate non-clearance. These data provide rationale for a clinical trial of lactate
clearance as a distinct end point of early sepsis resuscitation.
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INTRODUCTION

Severe sepsis is the most common cause of death in
critically ill patients (1). The effectiveness of early resuscita-
tion is an important determinant of sepsis survival (2).
Specifically, early quantitative resuscitation, the use of a
structured set of cardiovascular interventions targeting pre-
defined hemodynamic end points, can have a profound effect
on hospital mortality (3). Currently, international consensus
treatment guidelines recommend a quantitative resuscitation
strategy that includes targeting central venous oxygen satu-
ration (ScvO2) of 70% or greater in the first 6 h of severe
sepsis therapy (4). However, the optimal end points of sepsis
resuscitation remain controversial (5, 6).
Serum lactate elevation is an important marker of impaired

tissue perfusion in patients with sepsis and is often elevated even

in the absence of arterial hypotension (7). Numerous studies
show that a single early lactate measurement has important
prognostic significance and predicts mortality in populations of
patients with infection (8, 9). A small number of studies have
previously reported that serial measurements of lactate have
potential prognostic value during conventional sepsis manage-
ment (10Y12); however, it is not known if lactate clearance is
associated with survival in the context of medical centers that
have adopted and routinely perform aggressive quantitative
resuscitation for severe sepsis. In addition, it is not known if
lactate clearance is important independent of other recommen-
ded quantitative resuscitation end points, specifically ScvO2.

The objectives of this study were to determine (a) if early
lactate clearance is associated with improved survival in
emergency department (ED) patients with severe sepsis and
(b) the concordance between ScvO2 optimization and lactate
clearance during early sepsis resuscitation.

METHODS

Setting and study design
We analyzed prospectively collected registries of consecutive ED patients

diagnosed with severe sepsis at three urban hospitals. The three hospitals are
part of a multicenter research collaborative (Emergency Medicine Shock
Research Network) (13), where each institution uses ED-based protocolY
directed quantitative resuscitation for patients with severe sepsis (14Y16).
The registries were compiled between 2004 and 2007 and were approved
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10:1 necessary for multivariate modeling (21, 22); and (c) the multivariate
model would need to, at a minimum, include the following covariates that
have previously been shown to differentiate sepsis survivors from non-
survivors: arterial hypotension (23), failure to achieve ScvO2 70% or greater
(2), and lactate non-clearance (12). To accrue the necessary 30 cases of
mortality to test these three covariates in a multivariate model, we estimated
that a minimum of 120 total cases would be necessary.

RESULTS

Characteristics of study cohort

There were 166 subjects who met inclusion criteria. The
overall mortality rate was 23% (38/166). Table 1 shows
characteristics of the entire cohort. Of the 166 subjects, 110
came from center 1, 22 came from center 2, and 34 came from
center 3. Using multivariate analysis, there was no apparent
center effect on in-hospital mortality.

The quantitative resuscitation algorithm targeting ScvO2
70% or greater was successfully initiated in the ED in 148
(89%) of 166 study subjects. Study patients received an
average of 4.4 L (95% CI, 4.1Y4.7 L) of i.v. crystalloid fluid
during their ED resuscitation. Lactate non-clearance occurred
in 15 (9%) of 166, and the remainder (151/166, 91%) cleared
lactate.

Lactate clearance versus lactate non-clearance

Table 2 displays data for comparison between lactate
clearance and lactate non-clearance groups. Mortality was
60% in the lactate non-clearance group versus 19% in the
lactate clearance group (proportion difference, 41% [95% CI,
19%Y63%; P G 0.001]). Vasopressor use was not significantly
dissimilar between the groups (lactate non-clearance: 11/15 or
73%, and lactate clearance: 87/151 or 58%; P = 0.39). Figure 2
displays the Kaplan-Meier curves for survival fractions over
time. The curves diverge significantly by log-rank test (P =
0.003). There was no significant difference in achievement of

TABLE 1. Characteristics of the study cohort (n = 166)

Age, mean (SD), y 66 (15)

Sex, % female, n (%) 83 (50)

Suspected source of infection in ED, n (%)
Urinary tract 46 (28)

Pneumonia 22 (13)

Skin/soft tissue 23 (14)

Intra-abdominal 14 (8)

Line/device 10 (6)

Other 7 (4)
Unknown primary source 44 (27)

Signs of systemic inflammation, n (%)

Body temperature 938-C or G36-C 131 (79)

Heart rate 990 beats/min 140 (84)

Respiratory rate 920 breaths/min 137 (83)

White blood cell count, 912,000 or G4,000/2L 121 (73)

SBP G90 mmHg despite i.v. fluids, n (%) 91 (55)

Initial serum lactate 94 mmol/L, n (%) 90 (54)

Vasopressor use in ED, n (%) 39 (23)

Individual organ failures, n (%)

Cardiovascular 63 (44)

Pulmonary 28 (17)

Renal 54 (33)

Hepatic 14 (8)

Coagulopathy 23 (14)

Acidosis 140 (84)
Total SOFA score, mean (SD) 3.6 (2.6)

Mortality, n (%) 38 (23)

SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

TABLE 2. Lactate clearance versus lactate non-clearance

Lactate
clearance
(n = 151)

Lactate
non-clearance

(n = 15) P

Age, mean (SD), y 67 (15) 62 (16) 0.22

SBP G90 mmHg despite i.v.
fluids, n (%)

50 (33) 13 (87) 0.02

Initial serum lactate, mean (SD) 4.5 (2.7) 3.9 (1.7) 0.08

Serial serum lactate, mean (SD) 2.3 (1.8) 5.1 (2.9) G0.001

Vasopressor usage, n (%) 87 (58) 11 (73) 0.39

Individual organ failure, n (%)

Cardiovascular 50 (33) 13 (87) G0.001

Pulmonary 25 (17) 3 (20) 0.94

Renal 48 (32) 6 (40) 0.73

Hepatic 12 (8) 2 (13) 0.86

Coagulopathy 18 (12) 5 (33) 0.06

Total SOFA score, mean (SD) 3.6 (2.6) 4.1 (2.3) 0.47

Continuous ScvO2 monitoring,
n (%)

134 (81) 14 (93) 0.42

ScvO2 Q70% achieved 114 (85) 11 (79) 0.84

Mortality, n (%) 29 (19) 9 (60) G0.001

Characteristics of study subjects with lactate clearance (910%) and non-
clearance (G10%) over the first 6 h (n = 166).
SOFA, Sequential Organ Failure Assessment; ED, Emergency
Department.

FIG. 2. Kaplan-Meier survival curves. This graph depicts survival curves
over time for lactate clearance (lactate decrease by Q10%) and lactate non-
clearance (lactate decrease G10%) groups. The curves diverge significantly
by log-rank test (P = 0.003).

TABLE 3. Lactate clearance and ScvO2 goals

Lactate non-clearance Lactate clearance Total

ScvO2 G70% 3 20 23

ScvO2 Q70% 11 114 125

14 134 148

Among 148 subjects in whom ScvO2 was targeted as an end point of
resuscitation, this table depicts the lack of concordance between lactate
clearance and ScvO2. There was no evidence of a relationship between
lactate clearance and ScvO2 (Fisher exact test, P = 0.457).
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the ScvO2 goal between the two groups (85% lactate clearance
vs. 79% lactate non-clearance; proportional difference, 6%
[95% CI, j14% to 26%]; P = 0.84). Table 3 is a 2 ! 2 table
comparing the concordance of ScvO2 measurement with
lactate clearance. There was no evidence of a relationship
between lactate clearance and ScvO2 (Fisher exact test, P =
0.457). We found discordance between the two measure-
ments. Specifically, 79% of lactate non-clearance had con-
comitant ScvO2 70% or greater.

Survivors versus nonsurvivors

Table 4 compares survivors with nonsurvivors. On bivariate
analysis, there were four factors that were significantly
different (P G 0.05) between survivors and nonsurvivors: (a)
initial cardiovascular organ failure (initial SBP G90 mmHg),
(b) persistent hypotension (SBP G90 mmHg) despite intra-
venous fluids, (c) maximum ScvO2 less than 70%, and (d )
lactate non-clearance. Table 5 shows the results for the multi-
variate logistic regression model. Because ScvO2 had a signif-
icant association with mortality in the bivariate analysis, we
limited the regression model to include only subjects in whom
ScvO2 was measured continuously (n = 148). We omitted one of
the two hypotension-related covariates (initial SBP G90 mmHg)
from inclusion in the model on the grounds that it could be
collinear with the persistent hypotension covariate. Lactate non-
clearance was found to be a strong independent predictor of in-
hospital mortality (odds ratio, 4.9; 95% CI, 1.5Y15.9).

DISCUSSION

In this multicenter sample of ED patients with severe
sepsis, we found that early lactate clearance was a strong
independent predictor of in-hospital death. In addition,
optimization of ScvO2 during resuscitation was not sufficient
to exclude lactate non-clearance. This is the first study to
evaluate the impact of lactate clearance on survival in the
presence of a protocol-directed quantitative resuscitation

algorithm for the treatment of patients with severe sepsis,
and to date, this is the largest study evaluating lactate
clearance in patients with sepsis (10Y12).

The cause of an elevated serum lactate in patients with
sepsis can be multifactorial. Although lactate elevation may
result from acute tissue hypoperfusion and anaerobic metab-
olism (24), other possible causes may include (a) sepsis-
induced impairment of pyruvate-dehydrogenase enzyme
activity (25), (b) increased lactate production via catechol-
amine-driven pathways (26Y28), and (c) decreased lactate
clearance due to hepatic dysfunction (29, 30). However,
regardless of etiology of an elevated serum lactate, lactate
elevation in sepsis has been consistently linked to increased
mortality (7Y12). Although initial reports of lactate clearance
in sepsis were published more than 15 years ago (10),
evaluating lactate trends during resuscitation is not yet part
of the current consensus recommendations for sepsis manage-
ment (4) and is not routinely performed in practice. While
optimizing ScvO2 could in theory be a single comprehensive
monitor of the systemic balance between global oxygen
delivery and consumption in sepsis patients with circulatory
shock (2, 4), our data show that assessment of lactate
clearance is important as a predictor of mortality independent
of achievement of ScvO2 goals and that tracking ScvO2 does
not reliably reflect the effectiveness of lactate clearance
during resuscitation. Therefore, these data suggest that serial
lactate measurement may provide unique and important
information on resuscitation effectiveness.

We acknowledge important limitations in interpreting these
results. First, this is a nonexperimental observational study
and as such can detect only the association between lactate
clearance and mortality but cannot establish cause and effect.
Second, because performing serial lactate measurement in
patients with sepsis is not a mandatory practice in our centers
and measurements are performed at the discretion of the
clinician, this could potentially represent a source of selection
bias. Third, there was a relatively low incidence (9%) of
lactate non-clearance in this cohort. This may be attributable
to highly aggressive resuscitation practices in the EDs of the
participating centers (14Y16). In the only other ED-based
study of lactate clearance in severe sepsis, Nguyen et al. (12)
reported a lactate non-clearance rate of 29% using the same
cutoffs for clearance and non-clearance used in this study. One
potential explanation for this disparity is the aggressiveness of
crystalloid resuscitation administered in the first 6 h, 4.4 L

TABLE 4. Survivors versus nonsurvivors (n = 166)

Survivors
(n = 128)

Nonsurvivors
(n = 38) P

Age, mean (SD), y 66 (15) 66 (16) 1.00

SBP G90 mmHg despite i.v.
fluids, n (%)

42 (33) 21 (55) 0.02

Initial serum lactate, mean (SD) 4.3 (2.6) 4.7 (2.8) 0.41

Serial serum lactate, mean (SD) 2.2 (1.6) 3.6 (2.8) G0.001

Individual organ failure, n (%)

Cardiovascular 42 (33) 21 (55) 0.02

Pulmonary 20 (16) 8 (21) 0.64

Renal 43 (34) 11 (29) 0.70

Hepatic 9 (7) 5 (13) 0.40

Coagulopathy 15 (12) 8 (21) 0.26

Total SOFA score, mean (SD) 3.6 (2.6) 3.7 (2.7) 0.84

Continuous ScvO2 monitoring,
n (%)

112 (87) 36 (95) 0.28

ScvO2 Q70% achieved, n (%) 99 (88) 26 (72) 0.03

Lactate clearance Q10%, n (%) 122 (95) 29 (76) 0.001

TABLE 5. Multivariate logistic regression analysis

Variable Coefficient
Odds
ratio

95% CIs for odds
ratio

Lactate non-clearance 1.59 4.9 1.5Y15.9

Maximum ScvO2 G70% 1.05 2.7 1.1Y7.6

Hypotension despite fluid
challenge

0.10 1.1 0.5Y2.5

Factors associated with increased mortality on bivariate analysis were
evaluated with in-hospital mortality as the dependent variable (n = 148)
Logistic regression model was limited to subjects for which ScvO2 was
measured continuously (148/166).
lactate non-clearance = less than 10% decrease in repeat lactate value;
hypotension = SBP G90 mmHg after a 20-mL/kg i.v. fluid bolus.
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clearance >10%

clearance <10%
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“… up to 50% of patients resuscitated from shock 
may have continued global tissue hypoxia (ie, 
decreased ScvO2) even with normalization of 

vitals signs…”

Rady MY, Rivers EP, Nowak RM:Am J Emerg Med 1996, 14:218–225.



Gas exchange and oxygen delivery seem better after 18 hours prone	



	

 P/F ratio is 25 (FiO2 is .40 with saturations of 93%)	



	

 But…	



	

 	

 PICCO says C.O. is ~ 2.5 - 3.0 L /min 	



	

 	

 despite a now normal lactate and an ScVO2 of 74%	



	

 	

 with a BP of 145/90 with a HR of 90/min (still on Nor, Dobut)	



	

 	

 SVV is 24. 	



	

 	

 A cautious fluid bolus does not change the C.O.

Clinical case



Any ideas what’s going on ????
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We read with interest two recent studies suggesting that 
pulse pressure variation (PPV) is not an accurate pre-
dictor of fl uid responsiveness in subjects with pulmonary 
hypertension [1,2].

We agree that PPV and stroke volume variation (SVV) 
may not work in patients with right ventricular (RV) 
failure. Indeed, when PPV and SVV are related to an 
inspiratory increase in RV afterload (and not to a 
decrease in RV preload), they cannot serve as indicators 
of fl uid responsiveness [3].
Th is is indeed a limitation but can also be seen as useful 

information for clinicians who do not have an echo probe 
on the ends of their fi ngers. PPV and SVV are now 
available on virtually all bedside and hemodynamic 
moni tors. Th ese parameters have been shown to be very 

useful for predicting fl uid responsiveness in many 
patients with an arterial line who are mechanically 
ventilated [3]. When part of goal-directed strategies, 
these parameters have also been shown able to improve 
patient outcome [4,5]. As a result, PPV and SVV are now 
widely used by clinicians in the decision-making process 
regarding fl uid therapy. In this context, the lack of 
response to a volume load while PPV or SVV is high 
should be seen as an indicator of RV dysfunction, and 
should trigger an echocardiographic evaluation to 
confi rm the diagnosis and to understand the underlying 
mechanisms.

In other words, we believe PPV and SVV may actually 
help clinicians to diagnose quickly and treat properly 
shock states related to RV failure!

© 2010 BioMed Central Ltd

Using pulse pressure variation or stroke volume 
variation to diagnose right ventricular failure?
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We agree with Michard and colleagues that failure to 
respond to fl uid loading despite PPV may indicate RV 
failure. We refer to the commentary of Sheldon Magder 
where he discusses the various factors that can infl uence 
PPV [6]. We also agree with Michard and colleagues that 
PPV and SVV may be reasonable to guide volume therapy 
in such conditions where simple hypo volemia in patients 
undergoing controlled mechanical ventilation is the main 
factor infl uencing PPV – typically perioperatively in 
patients without con founding cardio pulmonary abnor-
malities. In contrast, the usefulness of PPV and SVV in 
the intensive care unit is at best limited due to the many 
factors that infl uence heart–lung inter actions [6]. Th ese 
factors include the presence of spontaneous ventilatory 
eff orts, irregular heart rhythm, ventilator settings 

diff erent from those in the original studies [7,8], 
cardiovascular drugs [8], pulmonary artery hypertension 
and impeding or manifest right heart failure [1,2] – one 
or several of these factors may be present even in the 
majority of intensive care unit patients.

PPV has been advocated to indicate volume responsive-
ness – in part in order to avoid unnecessary fl uid loading. 
In the particular case of RV failure, PPV may induce the 
clinicians to do exactly what should be avoided – to load 
the already overloaded right ventricle. On top of this, we 
fully endorse Magder’s opinion that even if PPV does 
predict volume responsiveness, it does not mean that the 
patient actually needs volume or that volume is the best 
management choice [6].
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PPV, pulse pressure variation; RV right ventricular; SVV, stroke volume variation.
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“…the lack of response to a volume load while PPV or SVV is high 
should be seen as an indicator of RV dysfunction.”

“help clinicians to diagnose quickly and treat properly shock states 
related to RV failure!”



ECHO:	



Good LV function (EF~76%)	



Large, dilated RV	



Moderate-severe Tricuspid regurgitation	



est. PAP 38



With the PICCO system showing a 

cardiac output of 3L/min, 	



should we increase the dobutamine?



OESOPHAGEAL DOPPLER

noted frequency, is directly proportional to the rela-
tive velocity between the emitter and receiver. By
measuring this Doppler frequency shift (!f), which is
produced when moving red blood cells are interro-
gated by an ultrasound beam, blood flow velocity (v)
can be determined by the standard Doppler
equation13:

V !
!f " c

2fT " cos #

where c is the velocity of the ultrasound waves in
body tissue and fT, the transmitted frequency. The
cosine of the angle between the Doppler beam and
blood flow (cos #) serves as a correction factor to
adjust for the angle of insonation. Note that deviations
of the actual from the assumed angle of insonation
will result in erroneous velocity calculations. Because
of the nonlinear character of the cosine function, this
error rapidly increases at increasing angles. For ex-
ample, a deviation of 1° in the actual from the as-
sumed angle results in approximately 1%, 3%, and
10% error at an insonation angle of 30°, 60°, and 80°,
respectively, which increases to approximately 100%
at 90°. Ultrasound and Doppler physics have been
extensively reviewed in text books and review
articles.14–18

To determine aortic blood flow, the ultrasound
beam can be directed from an intercostal space or the
suprasternal notch toward the aortic arch or ascending
aorta.19,20 However, with this approach, continuous
monitoring is complicated because it is hardly pos-
sible to keep an external transducer in place, thus
avoiding changes in the insonation angle or loss of the
signal. The esophagus, as a natural guide rail in the
thorax allows the probe to stay in place and in close
proximity to the descending aorta. The Doppler trans-
ducer is mounted within the probe at a fixed angle,
and because the esophagus and aorta run almost
parallel at the midthoracic level, the insonation angle
is approximately the same as that between the probe
and the transducer (Fig. 1).21–23 These considerations
prioritize the esophageal route for the continuous
assessment of the aortic blood flow.

TED Sonography
TED sonography was first described by Side and

Gosling24 in 1971 and further refined by other inves-
tigators.21,23,25–30 Several devices have been developed;
however, most of them are no longer commercially avail-
able. Some were no longer marketed after they had
been further developed to more modern devices, and
others were not user friendly, were technically out-
dated, or purchased and abandoned by competitors.
Modern TED devices use 4-MHz continuous wave or
5-MHz pulsed-wave Doppler, with angles of in-
sonation at 45° or 60°. Currently, three devices are
marketed (CardioQ, Deltex Medical, Chichester, UK;
HemoSonic 100, Arrow International, Reading, PA;

Waki TO, Atys Medical, Soucieu en Jarrest, France)
and their technical characteristics are summarized in
Table 1.

The method of CO determination with TED is
analogous to one of the established principles used in
transesophageal echocardiography, which combines
measurements of transvalvular blood flow velocity
with determination of the valve area. In contrast to
transesophageal echocardiography, TED does not al-
low direct visual estimation of ventricular filling,
contractility, or valvular function, which might be
desirable in patients with complex cardiac patho-
physiology or extended surgery.

With TED, the descending aortic blood flow veloc-
ity is calculated based on the Doppler equation as
erythrocytes pass the ultrasound beam in the descend-
ing aorta (Fig. 1). Modern monitors display a wave
form of the velocity plotted against time, which
closely resembles flow-time diagrams obtained from
transthoracic Doppler measurements of aortic blood
flow.31–33 Its systolic portion is typically triangular,
and the base of the triangle represents the systolic
ejection time, which is also referred to as flow time
(Fig. 2). Because flow time depends on the heart rate,
it is usually corrected by a modification of Bazett’s
equation (flow time divided by the square root of the
cycle time), which is used to correct the QT interval of
an electrocardiogram.34 The resulting flow time cor-
rected (FTc) represents the systolic ejection time ad-
justed to one cardiac cycle per second. The upslope of
the graph shows the acceleration of blood in the
descending aorta, from which mean and peak accel-
eration can be determined. The peak of the wave form
corresponds to the peak blood velocity, followed by a
down-slope which depicts the deceleration of flow
during later systole (Fig. 2).

The area under the systolic portion of the curve
represents the stroke distance, i.e., the distance that
the blood column has moved forward in the aorta
during systole. Descending aortic stroke volume (cm3)
can then be determined by multiplying the stroke
distance (cm) with the aortic cross-sectional area (cm2;

Figure 1. Esophageal Doppler probe in situ. The probe is
inserted via the oral or nasal route to the midthoracic level
(between the 5th and 6th thoracic vertebra). At this level, the
aorta and esophagus run approximately parallel, allowing
interrogation of the descending aortic blood flow with a
known angle of insonation (Adapted with permission from
Deltex Medical, Chichester, UK).
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Why the short FTc ?
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Determination of  Thermodilution Cardiac Output
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The Area under the curve is inversely proportional to the C.O.
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Calibration of the Pulse Contour Analysis

The PCA is calibrated through the transpulmonary thermodilution	


and is a beat to beat real time analysis of the arterial pressure curve

Injection

T

Temp

Transpulmonary thermodilution

T

P

Pulse contour analysis



Anesth Analg 2010;110:799–811

Consider:	



All volumes calculated from :	



Time (MT time and DS time)    X    Cardiac output (volume / time)	



!

If C.O. incorrect this magnifies any error.	



All volumes thus inaccurate

Pitfalls in Measurement



Anesth Analg 2010;110:799–811

Tends to overestimate C.O.	


increased transit times (increases its dissipation)	



or 

Flat prolonged curve gives an underestimation of C.O. 	


(i.e., large area under curve)

Valvular regurgitation-effect on PICCO

IMPACTS CALCULATED VOLUMES : 	


ITBV 	



GEDVI 	


EVLW 	





Valvular regurgitation-effect on PICCO

➔ The PiCCO-Technology is a unique combination 
of 2 techniques for advanced hemodynamic and 
volumetric management without the necessity of 
a right heart catheter in most patients:

➔ After central venous injection of the indicator, the thermistor at the tip of the arterial catheter measures the downstream temperature changes.
➔ Cardiac output is calculated by analysis of the thermodilution curve using a modified Stewart-Hamilton algorithm: 

➔ For correct calculation of CO, only a fraction of the total injected indicator needs to pass the detection site. Simplified, only the change of temperature over time is relevant.
➔ The algorithm is capable of computing each single stroke volume (SV) after being calibrated by an initial transpulmonary thermodilution.
➔ After calibration, the pulse contour algorithm is able to follow the cardiac output Beat by Beat.

Indications:
Patients in whom cardiovascular and circulatory volume status monitoring are
necessary. This includes patients in surgical, medical, cardiac and burn specialty
units, as well as other specialty units where cardiovascular monitoring is desired,
and patients undergoing major surgical interventions where cardiovascular 
monitoring is necessary. In short, every patient who requires a central venous
and arterial catheter for monitoring.
Contraindications:
Patients in whom there are arterial access restrictions, for example due to 
femoral artery grafting or severe burns in areas where the arterial catheter would
normally be placed.
Note: The Axillary or Brachial artery can be used as an alternative site.
Additionally a long radial artery catheter can also be placed for short term use.
The PiCCO-Technology may give incorrect thermodilution measurements in 
patients with intracardiac shunts, aortic aneurysm, aortic stenosis, mitral 
or tricuspid insufficiency, pneumonectomy, macro lung embolism and 
extracorporeal circulation (if blood is either extracted from or infused back 
into the cardiopulmonary circulation).
As is the case with all arterial catheters adequate perfusion downstream of the
puncture site has to be assured. Adequacy of perfusion can be monitored using
clinical inspection, surface temperature measurement, or by applying a pulse
oximetry sensor to a digit downstream from the puncture site to continuously
establish pulsatile flow.
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The PiCCO-Technology initial setup

1. Connect the injectate-temperature sensor housing to the 
CV line already in place.

2. Insert a PiCCO arterial thermodilution catheter into a large artery, 
preferable femoral artery, but also brachial / axillary artery 
or radial artery (with long catheter).

3. Connect the injectate sensor, the arterial catheter’s thermistor 
and pressure line to your PiCCO Monitor.

4. For blood pressure transfer to any bedside monitoring system, 
connect the cable at the back of the PiCCO Monitor.

5. Now the system is ready to work.

6. For information how to operate your PiCCO Monitor, please refer to 
your accompanying PiCCO Operator’s Manual and Setup guide.

Standard Central Venous Catheter (CVC)

PULSIOCATH thermodilution catheter 
with lumen for arterial pressure measurement

Axillary: 4F (1,4 mm) 8 cm
Brachial: 4F (1,4 mm) 22 cm
Femoral: 3-5F (0,9-1,7 mm) 7-20 cm
Radial: 4F (1,4 mm) 50 cm

PULSIOCATH arterial thermodilution catheters

are specifically designed for less invasive volumetric hemodynamic monitoring with the PiCCO-Technology. 
The catheters are placed with Seldinger Technique. Several versions and sizes are available. 
They can remain in situ for up to 10 days. 

The catheters are also available as complete kits (e.g. PVPK2015L20-46), including a disposable pressure transducer
and the injectate temperature sensor housing. Optionally, these kits can be ordered with an additional pressure line for
intermittent central venous pressure monitoring.
Catheters should be selected depending on patient size, weight and insertion site.

Article number PV2013L07 PV2014L08 PV2014L16 PV2014L22 PV2015L20 PV2014L50LGW
Outer diameter 3F 4F 4F 4F 5F 4F

(~20G) / 0,9 mm (~18G) / 1,4 mm (~18G) / 1,4 mm (~18G) / 1,4 mm (~16G) / 1,7 mm (~18G) / 1,4 mm
Usable length 7 cm 8 cm 16 cm 22 cm 20 cm 50 cm
Common feature Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free

Introduce the cannula at an
angle of no more than 45° 
into a suitable artery.

SELDINGER TECHNIQUE

Insert a part of the guidewire
through the cannula into the
artery.

Leave the guidewire in place
and withdraw the cannula.

Enlarge the point of entry 
by performing a skin incision
using a scalpel.

With a twisting motion,
advance the dilator over the
guidewire into the vessel.

Leave the guidewire in place
and withdraw the dilator.

With a twisting motion, 
insert the catheter over the
guidewire into the vessel.

Hold catheter at the 
desired position and 
withdraw guidewire.

The minimal injectate volume is recommended by the PiCCO plus in brackets ( ). 
This parameter can be modified by highlighting the parameter using the inverse 
marker                 . The number can be changed by using the function keys                . 

Enter Height and Weight
of the patient for
calculation of the 
indexed parameters

The Arterial Catheter Constant (ACC)
will be detected automatically, if the 
PULSIOCATH is connected

< 24° C = room temp. injectate
< 8° C = cold injectate

CVP should be manually updated
when the CVP changes ± 5 to 
accurately calculate SVR

Open pressue
transducer
to atmosphere.

Perform zero adjustment initially on PiCCO plus then on bedside monitor!

Press                for zeroing

Press             to perform a thermodilution
measurement.

Wait until “STABLE“ appears

Injection of the indicator should be done
as fast (< 7 sec) and steadily as possible.

Initially perform 3 thermodilution
measurements

Press              when performing 
further thermodilution measure-
ments. Recalibrate 8 hourly or
more frequently if patient condition
unstable, if one measurement
does not closely correspond to
others, delete and re-perform.

... change to              if you want
to delete measurements

If ∆T < 0,2% more/colder injectate might
be necessary

➔ Pull the Snap Tab™ of the flush device 
and release immediately.

➔ Observe the pressure signal on the 
patient monitor.

➔ Compare the wave form with the figures 
to determine the dynamic response.

If necessary repeat to verify maximum 
dynamic response.

CAUTION: An over- or under dampened wave may be
the result of one or more of the following: 
- 3 way stopcock partially closed 

pressure line kinked or squeezed
- Air in the pressure tubing and/or in the catheter 
- Loose connections in the system 
- Blood clots in catheter or in the pressure tubing 
- Catheter tip touching the vessel wall 
- Lumen too narrow 
- Use of foreign or addition pressure tubing or material

Square Wave Test Procedure:

Index Range Unit
Thermodilution Parameters
Cardiac Output CO CI 3.0-5.5 l/min/m2

Global End-Diastolic Volume GEDV GEDI 680-800 ml/m2

Intrathoracic Blood Volume ITBV ITBI 850-1000 ml/m2

Extravascular Lung Water* EVLW* ELWI 3.0-7.0 ml/kg
Pulmonary Vascular Permeability Index PVPI 1.0-3.0 - 
Cardiac Function Index CFI 4.5-6.5 1/min
Global Ejection Fraction GEF 25-35 %

Pulse Contour Parameters
Pulse Continuous Cardiac Output PCCO PCCI 3.0-5.5 l/min/m2

Arterial Blood Pressure AP
Heart Rate HR
Stroke Volume SV SVI 40-60 ml/m2

Stroke Volume Variation SVV <10 %
Pulse Pressure Variation PPV <10 %
Systemic Vascular Resistance SVR SVRI 1700-2400 dyn*s*cm-5*m2

Index of Left Ventricular Contractility dPmx mmHg/sec

The PiCCO-Technology advantages:
➔ Less Invasiveness Only central venous and arterial access required

No pulmonary artery catheter required
Also applicable in small children

➔ Short Set-up Time Can be installed within minutes

➔ Dynamic, Continuous Cardiac Output, Afterload and Volume 
Measurement Responsiveness are measured Beat by Beat

➔ No Chest X-ray To confirm correct catheter position

➔ Cost Effective Less expensive than continuous pulmonary 
artery catheter
Arterial PiCCO catheter can be in place 
for 10 days or more
Potential to reduce ICU stay and costs

➔ More Specific Parameters PiCCO parameters are easy to use and interpret 
even for less experienced caregivers

➔ Extravascular Lung Water* Lung edema can be excluded or quantified 
at the bed-side

PiCCO answers all relevant questions:

CO    GEDV    GEF    SVV    SVR    EVLW*

What is the current situation?.………..……..………….......Cardiac Output 
What is the preload?.……………….....…......Global End-Diastolic Volume
Will volume increase CO?....………...….…….......Stroke Volume Variation
What is the afterload?……………..….........Systemic Vascular Resistance 
What about contractility?.……………….....…......Global Ejection Fraction
Are the lungs still dry?...…….….…....…..….......Extravascular Lung Water*

The PiCCO-Technology therapeutic decision tree and normal range table 
(available as pocket guide)

➔ All volumetric parameters are obtained by advanced analysis of the thermodilution curve:

For the calculations of volumes…

MTt: Mean Transit time
-̂- time when half of the indicator has passed 

the point of detection in the artery

…and…

DSt: Down Slope time
-̂- exponential downslope time 

of the thermodilution curve 

…are important.

➔ The intrathoracic compartments can be considered as a series of “mixing chambers” for the distribution of the injected 
indicator (intrathoracic thermal volume).

➔ The largest mixing chamber in this series are the lungs, here the indicator (cold) has its largest distribution volume 
(largest thermal volume).

➔ Global End-Diastolic Volume 
(GEDV) is the volume of blood 
contained in the 4 chambers 
of the heart.

➔ Intrathoracic Blood Volume 
(ITBV) is the volume of the 
4 chambers of the heart 
plus the blood volume in the 
pulmonary vessels.

➔ ITBV and GEDV have been 
shown to be far more 
sensitive and specific to 
Cardiac Preload than the 
standard cardiac filling 
pressures CVP plus PCWP, 
and also right ventricular 
enddiastolic volume.

➔ The striking advantage of 
ITBV and GEDV is that they 
are not adversely influenced 
by mechanical ventilation 
and give correct information 
regarding the preload status 
under any condition.

➔ Stroke Volume Variation (SVV) represents the variation of stroke volume (SV) over the ventilatory cycle.

➔ SVV reflects the sensitivity of the heart to the cyclic changes in cardiac preload 
induced by mechanical ventilation.

➔ SVV can predict whether stroke volume will increase with volume expansion
➔ SVV is only applicable in fully ventilated patients with regular heart rhythm

➔ Extravascular Lung Water (EVLW)* is the amount of water content 
in the lungs. It allows bedside quantification of the degree of pulmonary edema.

➔ EVLW* assessed by transpulmonary thermodilution has been validated against dye 
dilution and the reference gravimetric method.

➔ EVLW* has shown to have a clear correlation to severity of ARDS, length 
of ventilation days, ICU-Stay and Mortality and to be superior to assessment 
of lung edema by chest x-ray and CT scan.

Troubleshooting: 
If the device shows an error message (E), please confirm with                and 
check the system for correct setup and settings. Do a further Thermodilution
Measurement. For detailed trouble shooting please refer to the PiCCO plus
Operator’s Manual or contact your PULSION representative. In the case where
you observe any product defect on disposables or accessories, please keep the
product to be handed to your PULSION representative for further investigation.

E Interpretation
0 Technically good measurement
1 Error in determination of Tinj.
2 Injection error
3 Inject faster than 10 s
4-6 Error in calculation of thermodilution curve parameters
7 Time out (Thermodilution curve longer than 90s)
8 Blood temperature lower than injectate temperature
9 Invalid PCCO calibration

Injectate temperature problem Possible cause Suggested remedy
- Injection not detected - No signal transfer - Change injectate temp. sensor cable or housing
- Injectate temperature sensor error - Blocked sensor housing - Change sensor housing

Arterial blood pressure problem Possible cause Suggested remedy
- Arterial pressure dampened - Air in arterial line - Remove air from pressure line

- Additional /foreign pressure line - Remove additional / foreign line
- Arterial line flat or absent - Catheter kinked - Avoid bending of catheter

- Catheter clotted - Secure continuous flushing
- No pressure in flush device - Add pressure to flush device

- No pressure transfer - Defective cable - Replace cable
- Invalid pressure values - Defective pressure transducer - Replace pressure transducer

- Calibration of system defective - Call PULSION representative

Thermodilution signal problem Possible cause Suggested remedy
- TD curve does not appear - Defective catheter / cable - Remove catheter / cable
- No TB (Blood Temperature) - Defective catheter / cable - Remove catheter / cable
- TB incorrect - Catheter / calibration of system defective - Change cath. / call PULSION representative
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V+ = volume loading (! = cautiously)      V- = volume contraction     Cat = catecholamine / cardiovascular agents    *SVV only applicable in ventilated patients without cardiac arrhythmia
Without guarantee
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< 850 > 850

➔1.

2.
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> 850
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> 4.5
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Target

Therapy

Results

> 10

Cat
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700-800
850-1000

< 10

> 5.5
> 30

<– 10

>10

V+!
Cat

700-800
850-1000
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> 5.5
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<– 10

> 10

V+!

700-800
850-1000

< 10

<– 10

> 10

V-

700-800
850-1000

< 10

<– 10

> 3.0

< 700 > 700
< 850 > 850

CI (l/min/m2)

GEDI (ml/m2)
or ITBI (ml/m2)

ELWI (ml/kg)

GEDI (ml/m2)
or ITBI (ml/m2)

Optimise SVV (%)*

CFI (1/min)
or GEF (%)

ELWI (ml/kg)
(slowly responding)

➔

1

2

3

☛

PULSION Medical Systems AG • Stahlgruberring 28 • D-81829 Munich, Germany
Tel. +49-(0)89-45 99 14-0 • Fax +49-(0)89-45 99 14-18
info@pulsion.com

www.PULSION.com

PULSION PiCCO plus: Setup & Method

1 2 3 4 5 6 7 8

3

2

☛1

Under dampened
> 2 oscillations

Over dampened Optimally dampened
1-2 oscillations

Transpulmonary Thermodilution

Pulse Contour Analysis

CO Calculation:
➔ Area under the

Thermodilution Curve  

➔

CALIBRATION

Tb = Blood temperature
Ti  = Injectate temperature
Vi  = Injectate volume
∫ ∆ Tb · dt = Area under the thermodilution curve
K  = Correction constant

Patient-specific calibration factor 
(determined by thermodilution) 

Heart
rate

Area under 
pressure curve

Aortic
compliance

Shape of 
pressure curve

Advanced Thermodilution Curve Analysis

ITTV = CO * MTt PTV  = CO * DSt

Weight of pat. For cold For roomtemp. 
injectate injectate

< 3 kg 2 ml 3 ml
< 10 kg 2 ml 3 ml
< 25 kg 3 ml 5 ml
< 50 kg 5 ml 10 ml

< 100 kg 10 ml 15 ml
>_ 100 kg 15 ml 20 ml

PV4046

Volume

Drugs

*Extravascular Lung Water (EVLW) is not yet available in the US, FDA clearance pending

PULSION Medical Inc., USA
☎ +1-760-295 1370
info@pulsionmedical.com     

PULSION Benelux nv/sa 
☎ +32-9-242 99 10
info@pulsion.be 

PULSION Medical System Iberica S.L.
☎ +34-91-665 73 12
info@pulsioniberica.com 

PULSION France sarl 
☎ +33-4-42 27 67 19
info@pulsion.fr

PULSION Medical UK Ltd.

☎ +44-1895-45 52 55
info@pulsionmedical.co.uk     

PULSION Pacific Pty. Ltd., AUS
☎ +61-7-32 66 84 48
info@pulsionpacific.com.au

Input Screen

AP zeroing

Thermodilution Screen

A B C

A BC

A

B

C

Recommendation:  
15 ml of cold NaCl 0,9% as the default setting for adults.

ITBV = 1.25 * GEDV EVLW* = ITTV - ITBV

GEDV = ITTV - PTV
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Injectate
temperature 
sensor housing

Central Venous
Catheter (CVC)

Injectate temperature 
sensor cable

Temperature 
interface cable

PULSION disposable 
pressure transducer

PULSIOCATH 
thermodilution catheter

A
B

RF

Pressure cable

CV Bolus 
injection

PULSIOCATH

➔ The PiCCO-Technology is a unique combination 
of 2 techniques for advanced hemodynamic and 
volumetric management without the necessity of 
a right heart catheter in most patients:

➔ After central venous injection of the indicator, the thermistor at the tip of the arterial catheter measures the downstream temperature changes.
➔ Cardiac output is calculated by analysis of the thermodilution curve using a modified Stewart-Hamilton algorithm: 

➔ For correct calculation of CO, only a fraction of the total injected indicator needs to pass the detection site. Simplified, only the change of temperature over time is relevant.
➔ The algorithm is capable of computing each single stroke volume (SV) after being calibrated by an initial transpulmonary thermodilution.
➔ After calibration, the pulse contour algorithm is able to follow the cardiac output Beat by Beat.

Indications:
Patients in whom cardiovascular and circulatory volume status monitoring are
necessary. This includes patients in surgical, medical, cardiac and burn specialty
units, as well as other specialty units where cardiovascular monitoring is desired,
and patients undergoing major surgical interventions where cardiovascular 
monitoring is necessary. In short, every patient who requires a central venous
and arterial catheter for monitoring.
Contraindications:
Patients in whom there are arterial access restrictions, for example due to 
femoral artery grafting or severe burns in areas where the arterial catheter would
normally be placed.
Note: The Axillary or Brachial artery can be used as an alternative site.
Additionally a long radial artery catheter can also be placed for short term use.
The PiCCO-Technology may give incorrect thermodilution measurements in 
patients with intracardiac shunts, aortic aneurysm, aortic stenosis, mitral 
or tricuspid insufficiency, pneumonectomy, macro lung embolism and 
extracorporeal circulation (if blood is either extracted from or infused back 
into the cardiopulmonary circulation).
As is the case with all arterial catheters adequate perfusion downstream of the
puncture site has to be assured. Adequacy of perfusion can be monitored using
clinical inspection, surface temperature measurement, or by applying a pulse
oximetry sensor to a digit downstream from the puncture site to continuously
establish pulsatile flow.
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The PiCCO-Technology initial setup

1. Connect the injectate-temperature sensor housing to the 
CV line already in place.

2. Insert a PiCCO arterial thermodilution catheter into a large artery, 
preferable femoral artery, but also brachial / axillary artery 
or radial artery (with long catheter).

3. Connect the injectate sensor, the arterial catheter’s thermistor 
and pressure line to your PiCCO Monitor.

4. For blood pressure transfer to any bedside monitoring system, 
connect the cable at the back of the PiCCO Monitor.

5. Now the system is ready to work.

6. For information how to operate your PiCCO Monitor, please refer to 
your accompanying PiCCO Operator’s Manual and Setup guide.

Standard Central Venous Catheter (CVC)

PULSIOCATH thermodilution catheter 
with lumen for arterial pressure measurement

Axillary: 4F (1,4 mm) 8 cm
Brachial: 4F (1,4 mm) 22 cm
Femoral: 3-5F (0,9-1,7 mm) 7-20 cm
Radial: 4F (1,4 mm) 50 cm

PULSIOCATH arterial thermodilution catheters

are specifically designed for less invasive volumetric hemodynamic monitoring with the PiCCO-Technology. 
The catheters are placed with Seldinger Technique. Several versions and sizes are available. 
They can remain in situ for up to 10 days. 

The catheters are also available as complete kits (e.g. PVPK2015L20-46), including a disposable pressure transducer
and the injectate temperature sensor housing. Optionally, these kits can be ordered with an additional pressure line for
intermittent central venous pressure monitoring.
Catheters should be selected depending on patient size, weight and insertion site.

Article number PV2013L07 PV2014L08 PV2014L16 PV2014L22 PV2015L20 PV2014L50LGW
Outer diameter 3F 4F 4F 4F 5F 4F

(~20G) / 0,9 mm (~18G) / 1,4 mm (~18G) / 1,4 mm (~18G) / 1,4 mm (~16G) / 1,7 mm (~18G) / 1,4 mm
Usable length 7 cm 8 cm 16 cm 22 cm 20 cm 50 cm
Common feature Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free Latex free / DEHP free

Introduce the cannula at an
angle of no more than 45° 
into a suitable artery.

SELDINGER TECHNIQUE

Insert a part of the guidewire
through the cannula into the
artery.

Leave the guidewire in place
and withdraw the cannula.

Enlarge the point of entry 
by performing a skin incision
using a scalpel.

With a twisting motion,
advance the dilator over the
guidewire into the vessel.

Leave the guidewire in place
and withdraw the dilator.

With a twisting motion, 
insert the catheter over the
guidewire into the vessel.

Hold catheter at the 
desired position and 
withdraw guidewire.

The minimal injectate volume is recommended by the PiCCO plus in brackets ( ). 
This parameter can be modified by highlighting the parameter using the inverse 
marker                 . The number can be changed by using the function keys                . 

Enter Height and Weight
of the patient for
calculation of the 
indexed parameters

The Arterial Catheter Constant (ACC)
will be detected automatically, if the 
PULSIOCATH is connected

< 24° C = room temp. injectate
< 8° C = cold injectate

CVP should be manually updated
when the CVP changes ± 5 to 
accurately calculate SVR

Open pressue
transducer
to atmosphere.

Perform zero adjustment initially on PiCCO plus then on bedside monitor!

Press                for zeroing

Press             to perform a thermodilution
measurement.

Wait until “STABLE“ appears

Injection of the indicator should be done
as fast (< 7 sec) and steadily as possible.

Initially perform 3 thermodilution
measurements

Press              when performing 
further thermodilution measure-
ments. Recalibrate 8 hourly or
more frequently if patient condition
unstable, if one measurement
does not closely correspond to
others, delete and re-perform.

... change to              if you want
to delete measurements

If ∆T < 0,2% more/colder injectate might
be necessary

➔ Pull the Snap Tab™ of the flush device 
and release immediately.

➔ Observe the pressure signal on the 
patient monitor.

➔ Compare the wave form with the figures 
to determine the dynamic response.

If necessary repeat to verify maximum 
dynamic response.

CAUTION: An over- or under dampened wave may be
the result of one or more of the following: 
- 3 way stopcock partially closed 

pressure line kinked or squeezed
- Air in the pressure tubing and/or in the catheter 
- Loose connections in the system 
- Blood clots in catheter or in the pressure tubing 
- Catheter tip touching the vessel wall 
- Lumen too narrow 
- Use of foreign or addition pressure tubing or material

Square Wave Test Procedure:

Index Range Unit
Thermodilution Parameters
Cardiac Output CO CI 3.0-5.5 l/min/m2

Global End-Diastolic Volume GEDV GEDI 680-800 ml/m2

Intrathoracic Blood Volume ITBV ITBI 850-1000 ml/m2

Extravascular Lung Water* EVLW* ELWI 3.0-7.0 ml/kg
Pulmonary Vascular Permeability Index PVPI 1.0-3.0 - 
Cardiac Function Index CFI 4.5-6.5 1/min
Global Ejection Fraction GEF 25-35 %

Pulse Contour Parameters
Pulse Continuous Cardiac Output PCCO PCCI 3.0-5.5 l/min/m2

Arterial Blood Pressure AP
Heart Rate HR
Stroke Volume SV SVI 40-60 ml/m2

Stroke Volume Variation SVV <10 %
Pulse Pressure Variation PPV <10 %
Systemic Vascular Resistance SVR SVRI 1700-2400 dyn*s*cm-5*m2

Index of Left Ventricular Contractility dPmx mmHg/sec

The PiCCO-Technology advantages:
➔ Less Invasiveness Only central venous and arterial access required

No pulmonary artery catheter required
Also applicable in small children

➔ Short Set-up Time Can be installed within minutes

➔ Dynamic, Continuous Cardiac Output, Afterload and Volume 
Measurement Responsiveness are measured Beat by Beat

➔ No Chest X-ray To confirm correct catheter position

➔ Cost Effective Less expensive than continuous pulmonary 
artery catheter
Arterial PiCCO catheter can be in place 
for 10 days or more
Potential to reduce ICU stay and costs

➔ More Specific Parameters PiCCO parameters are easy to use and interpret 
even for less experienced caregivers

➔ Extravascular Lung Water* Lung edema can be excluded or quantified 
at the bed-side

PiCCO answers all relevant questions:

CO    GEDV    GEF    SVV    SVR    EVLW*

What is the current situation?.………..……..………….......Cardiac Output 
What is the preload?.……………….....…......Global End-Diastolic Volume
Will volume increase CO?....………...….…….......Stroke Volume Variation
What is the afterload?……………..….........Systemic Vascular Resistance 
What about contractility?.……………….....…......Global Ejection Fraction
Are the lungs still dry?...…….….…....…..….......Extravascular Lung Water*

The PiCCO-Technology therapeutic decision tree and normal range table 
(available as pocket guide)

➔ All volumetric parameters are obtained by advanced analysis of the thermodilution curve:

For the calculations of volumes…

MTt: Mean Transit time
-̂- time when half of the indicator has passed 

the point of detection in the artery

…and…

DSt: Down Slope time
-̂- exponential downslope time 

of the thermodilution curve 

…are important.

➔ The intrathoracic compartments can be considered as a series of “mixing chambers” for the distribution of the injected 
indicator (intrathoracic thermal volume).

➔ The largest mixing chamber in this series are the lungs, here the indicator (cold) has its largest distribution volume 
(largest thermal volume).

➔ Global End-Diastolic Volume 
(GEDV) is the volume of blood 
contained in the 4 chambers 
of the heart.

➔ Intrathoracic Blood Volume 
(ITBV) is the volume of the 
4 chambers of the heart 
plus the blood volume in the 
pulmonary vessels.

➔ ITBV and GEDV have been 
shown to be far more 
sensitive and specific to 
Cardiac Preload than the 
standard cardiac filling 
pressures CVP plus PCWP, 
and also right ventricular 
enddiastolic volume.

➔ The striking advantage of 
ITBV and GEDV is that they 
are not adversely influenced 
by mechanical ventilation 
and give correct information 
regarding the preload status 
under any condition.

➔ Stroke Volume Variation (SVV) represents the variation of stroke volume (SV) over the ventilatory cycle.

➔ SVV reflects the sensitivity of the heart to the cyclic changes in cardiac preload 
induced by mechanical ventilation.

➔ SVV can predict whether stroke volume will increase with volume expansion
➔ SVV is only applicable in fully ventilated patients with regular heart rhythm

➔ Extravascular Lung Water (EVLW)* is the amount of water content 
in the lungs. It allows bedside quantification of the degree of pulmonary edema.

➔ EVLW* assessed by transpulmonary thermodilution has been validated against dye 
dilution and the reference gravimetric method.

➔ EVLW* has shown to have a clear correlation to severity of ARDS, length 
of ventilation days, ICU-Stay and Mortality and to be superior to assessment 
of lung edema by chest x-ray and CT scan.

Troubleshooting: 
If the device shows an error message (E), please confirm with                and 
check the system for correct setup and settings. Do a further Thermodilution
Measurement. For detailed trouble shooting please refer to the PiCCO plus
Operator’s Manual or contact your PULSION representative. In the case where
you observe any product defect on disposables or accessories, please keep the
product to be handed to your PULSION representative for further investigation.

E Interpretation
0 Technically good measurement
1 Error in determination of Tinj.
2 Injection error
3 Inject faster than 10 s
4-6 Error in calculation of thermodilution curve parameters
7 Time out (Thermodilution curve longer than 90s)
8 Blood temperature lower than injectate temperature
9 Invalid PCCO calibration

Injectate temperature problem Possible cause Suggested remedy
- Injection not detected - No signal transfer - Change injectate temp. sensor cable or housing
- Injectate temperature sensor error - Blocked sensor housing - Change sensor housing

Arterial blood pressure problem Possible cause Suggested remedy
- Arterial pressure dampened - Air in arterial line - Remove air from pressure line

- Additional /foreign pressure line - Remove additional / foreign line
- Arterial line flat or absent - Catheter kinked - Avoid bending of catheter

- Catheter clotted - Secure continuous flushing
- No pressure in flush device - Add pressure to flush device

- No pressure transfer - Defective cable - Replace cable
- Invalid pressure values - Defective pressure transducer - Replace pressure transducer

- Calibration of system defective - Call PULSION representative

Thermodilution signal problem Possible cause Suggested remedy
- TD curve does not appear - Defective catheter / cable - Remove catheter / cable
- No TB (Blood Temperature) - Defective catheter / cable - Remove catheter / cable
- TB incorrect - Catheter / calibration of system defective - Change cath. / call PULSION representative
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V+ = volume loading (! = cautiously)      V- = volume contraction     Cat = catecholamine / cardiovascular agents    *SVV only applicable in ventilated patients without cardiac arrhythmia
Without guarantee
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Optimise SVV (%)*

CFI (1/min)
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ELWI (ml/kg)
(slowly responding)
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PULSION Medical Systems AG • Stahlgruberring 28 • D-81829 Munich, Germany
Tel. +49-(0)89-45 99 14-0 • Fax +49-(0)89-45 99 14-18
info@pulsion.com

www.PULSION.com

PULSION PiCCO plus: Setup & Method

1 2 3 4 5 6 7 8

3

2

☛1

Under dampened
> 2 oscillations

Over dampened Optimally dampened
1-2 oscillations

Transpulmonary Thermodilution

Pulse Contour Analysis

CO Calculation:
➔ Area under the

Thermodilution Curve  

➔

CALIBRATION

Tb = Blood temperature
Ti  = Injectate temperature
Vi  = Injectate volume
∫ ∆ Tb · dt = Area under the thermodilution curve
K  = Correction constant

Patient-specific calibration factor 
(determined by thermodilution) 

Heart
rate

Area under 
pressure curve

Aortic
compliance

Shape of 
pressure curve

Advanced Thermodilution Curve Analysis

ITTV = CO * MTt PTV  = CO * DSt

Weight of pat. For cold For roomtemp. 
injectate injectate

< 3 kg 2 ml 3 ml
< 10 kg 2 ml 3 ml
< 25 kg 3 ml 5 ml
< 50 kg 5 ml 10 ml

< 100 kg 10 ml 15 ml
>_ 100 kg 15 ml 20 ml

PV4046

Volume

Drugs

*Extravascular Lung Water (EVLW) is not yet available in the US, FDA clearance pending

PULSION Medical Inc., USA
☎ +1-760-295 1370
info@pulsionmedical.com     

PULSION Benelux nv/sa 
☎ +32-9-242 99 10
info@pulsion.be 

PULSION Medical System Iberica S.L.
☎ +34-91-665 73 12
info@pulsioniberica.com 

PULSION France sarl 
☎ +33-4-42 27 67 19
info@pulsion.fr

PULSION Medical UK Ltd.

☎ +44-1895-45 52 55
info@pulsionmedical.co.uk     

PULSION Pacific Pty. Ltd., AUS
☎ +61-7-32 66 84 48
info@pulsionpacific.com.au

Input Screen

AP zeroing

Thermodilution Screen

A B C

A BC

A

B

C

Recommendation:  
15 ml of cold NaCl 0,9% as the default setting for adults.

ITBV = 1.25 * GEDV EVLW* = ITTV - ITBV

GEDV = ITTV - PTV
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by the ventricular contractions. When the atrial contrac-
tions coincide with right ventricular systole and a closed
tricuspid valve a large a wave is produced that interferes

with normal right-heart filling and lowers the cardiac
output. This patient’s cardiac index improved when
the pacemaker was turned off.

6 Cardiopulmonary monitoring

Figure 6 Patient with large a wave

M marks the appropriate
place for measurement.
The bottom tracing
shows the overlap tracing
with pulmonary artery
pressure (PAP). This also
can be used for timing the
end of diastole and the
place to make the
measurement. CVP,
central venous pressure.

Figure 7 Patient with large ‘v’ waves in the central venous pressure (CVP) tracing

This indicates severe
tricuspid regurgitation. The
line marks the appropriate
place to make the
measurement. However, it
must be appreciated that
the peak of the v wave,
which is 35 mmHg, will still
have an important impact on
upstream structures such
as the liver and kidney. PAP,
pulmonary artery pressure. 32 mmHg

10 mmHg

Look at the waveform!

Why the large “c-v” wave ?

Clinical case



The intra-abdominal pressure 	



	

 from the bladder - 11 mmHg.	



	

 from the femoral venous catheter - 24mm Hg	



Why the difference?	



Could this have deleterious effects on other organs?

Clinical case
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Abstract Purpose: To investigate
if femoral venous pressure (FVP)
measurement can be used as a surro-
gate measure for intra-abdominal
pressure (IAP) via the bladder.
Methods: This was a prospective,
multicenter observational study. IAP
and FVP were simultaneously mea-
sured in 149 patients. The effect of
BMI on IAP was investigated.
Results: The incidences of intra-
abdominal hypertension (IAH) and
abdominal compartment syndrome
(ACS) were 58 and 7% respectively.
The mean APACHE II score was
22 ± 10, SAPS 2 score 42 ± 20, and

SOFA score 9 ± 4. The mean IAP
was 11.2 ± 4.5 mmHg versus
12.7 ± 4.7 mmHg for FVP. The bias
and precision for all measurements
were -1.5 and 3.6 mmHg respec-
tively with the lower and upper limits
of agreement being -8.6 and 5.7.
When IAP was above 20 mmHg, the
bias between IAP and FVP was 0.7
with a precision of 2.0 mmHg (lower
and upper limits of agreement -3 and
4.6 respectively). Excluding those
with ACS, according to the receiver
operating curve analysis
FVP = 11.5 mmHg predicted IAH
with a sensitivity and specificity of
84.8 and 67.0% (AUC of 0.83 (95%
CI 0.81–0.86) with P \ 0.001).
FVP = 14.5 mmHg predicted IAP
above 20 mmHg with a sensitivity of
91.3% and specificity of 68.1% (AUC
0.85 (95% CI 0.79–0.91), P \ 0.001).
Finally, at study entry, the mean IAP
in patients with a BMI less then
30 kg/m2 was 10.6 ± 4.0 mmHg
versus 13.8 ± 3.8 mmHg in patients
with a BMI C 30 kg/m2 (P \ 0.001).
Conclusions: FVP cannot be used
as a surrogate measure of IAP unless
IAP is above 20 mmHg.

Keywords Intra-abdominal
hypertension ! Intra-abdominal
pressure ! Abdominal compartment
syndrome ! Femoral venous pressure !
Catheter-related infection

Intensive Care Med (2011) 37:1620–1627
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“..potential influencing factors … right heart function (e.g., 
tricuspid incompetence) might have helped explain the 
differences found between the FVP and the bladder pressure.”

Intensive Care Med (2011) 37:1620–1627



IS THIS HIGH CVP HARMLESS OR 
EVEN DESIRABLE?



ization of unique patients and formed the study population.
Main reasons for right heart catheterization are shown in
Table 1. Aortic and mitral valve disorders accounted for
44% of indications, whereas in 16%, acute or chronic heart
failure was the predominant reason. Mean age was 59 ! 15

years, and 57% were men (Table 2). In the total study
population, both mean cardiac index (2.9 ! 0.8 l/min/m2)
and mean CVP (5.9 ! 4.3 mm Hg) were within the normal
range. The distribution of CVP among the study population
is shown in Figure 1. Mean eGFR was moderately im-
paired: 65 ! 24 ml/min/1.73 m2.

The distribution of different factors over tertiles of CVP
is shown in Table 2. Most of the characteristics were equally
distributed across tertiles of CVP, except for the highest
tertile (CVP "6 mm Hg). Both cardiac output and cardiac
index were significantly lower in the highest tertile com-
pared with lower tertiles (p # 0.0001), corresponding to r $
%0.259 (p # 0.0001) for the association between CVP and
cardiac index. Furthermore, patients in the highest tertile
were treated more frequently with angiotensin-converting
enzyme inhibitor/angiotensin-II receptor blockers, beta-
blockers, diuretics, and aldosterone antagonists. Prevalence
of heart failure showed a trend toward increasing with
higher tertiles of CVP (p $ 0.0781), whereas congenital
heart disease was also more prevalent in the highest tertile.
Finally, eGFR was significantly lower in the highest tertile
of CVP, compared with both lower tertiles (p # 0.001).
Curvilinear fitting and the relationship between CVP
and eGFR. Figure 1 shows the curvilinear relationship
between CVP and eGFR in the total study population as
obtained by fractional polynomial modeling. Estimated
GFR showed a small increase when CVP increased from 1
to 6 mm Hg. However, in CVP values "6 mm Hg, a steep

Figure 1 Distribution of CVP and Curvilinear Relationship
Between CVP and eGFR in the Study Population

Adjusted for age, sex, and cardiac index. The curvilinear model had the follow-
ing individual polynomial components for the relationship between CVP and
eGFR: First order: Y $ %25.8·(CVP & 1)/10 (Wald 28.2, p # 0.0001) and sec-
ond order: Y $ 35.7·([CVP & 1]/10)0.5 (Wald 17.4, p # 0.0001). CVP $ cen-
tral venous pressure, eGFR $ estimated glomerular filtration rate.

Baseline Characteristics According to Tertiles of CVP

Table 2 Baseline Characteristics According to Tertiles of CVP

Total Tertile 1 (0 to 3 mm Hg) Tertile 2 (4 to 6 mm Hg) Tertile 3 (>6 mm Hg) p Value for Trend

n 2,557 911 855 791

Age (yrs) 59 ! 15 60 ! 15 59 ! 15 58 ! 15 0.0032

Sex (% male) 57 59 58 54 NS

SBP (mm Hg) 133 ! 29 133 ! 28 134 ! 27 129 ! 31 0.0100

DBP (mm Hg) 68 ! 13 66 ! 12 68 ! 12 69 ! 13 0.0010

CO (l/min) 5.5 ! 1.6 5.7 ! 1.6 5.5 ! 1.5 5.0 ! 1.5 #0.0001

Cardiac index (l/min/m2) 2.9 ! 0.8 3.1 ! 0.7 3.0 ! 0.7 2.7 ! 0.8 #0.0001

CVP (mm Hg) 5.9 ! 4.3 2 ! 1 5 ! 1 11 ! 4 #0.0001

eGFR (ml/min/1.73 m2) 65 ! 24 65 ! 23 67 ! 24 62 ! 24 0.0001

Medical history (%)

Heart failure 16 15 15 19 NS

Coronary artery disease 24 24 25 24 NS

Congenital heart disease 5 4 5 7 0.0189

Valve disease 51 50 55 49 NS

Hypercholesterolemia 6 7 5 6 NS

Diabetes mellitus 9 8 8 10 NS

Hypertension 20 21 20 18 NS

Stroke 5 4 5 6 NS

Medication (%)

Diuretics 42 37 38 53 0.0001

Beta-blocker 28 25 29 31 0.0388

ACEI or ARB 38 36 32 45 0.0001

Aldosterone antagonist 9 5 6 15 0.0001

ACEI $ angiotensin-converting enzyme inhibitor; ARB $ angiotensin-II receptor blocker; CO $ cardiac output; CVP $ central venous pressure; DBP $ diastolic blood pressure; eGFR $ estimated glomerular
filtration rate; NS $ not significant; SBP $ systolic blood pressure.
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Heart Failure

Increased Central Venous
Pressure Is Associated With Impaired
Renal Function and Mortality in a Broad
Spectrum of Patients With Cardiovascular Disease

Kevin Damman, MD,* Vincent M. van Deursen,* Gerjan Navis, MD, PHD,†
Adriaan A. Voors, MD, PHD,* Dirk J. van Veldhuisen, MD, PHD, FACC,*
Hans L. Hillege, MD, PHD*‡

Groningen, the Netherlands

Objectives We sought to investigate the relationship between increased central venous pressure (CVP), renal function, and
mortality in a broad spectrum of cardiovascular patients.

Background The pathophysiology of impaired renal function in cardiovascular disease is multifactorial. The relative impor-
tance of increased CVP has not been addressed previously.

Methods A total of 2,557 patients who underwent right heart catheterization in the University Medical Center Groningen,
the Netherlands, between January 1, 1989, and December 31, 2006, were identified, and their data were ex-
tracted from electronic databases. Estimated glomerular filtration rate (eGFR) was assessed with the simplified
modification of diet in renal disease formula.

Results Mean age was 59 ! 15 years, and 57% were men. Mean eGFR was 65 ! 24 ml/min/1.73 m2, with a cardiac
index of 2.9 ! 0.8 l/min/m2 and CVP of 5.9 ! 4.3 mm Hg. We found that CVP was associated with cardiac in-
dex (r " #0.259, p $ 0.0001) and eGFR (r " #0.147, p $ 0.0001). Also, cardiac index was associated with
eGFR (r " 0.123, p $ 0.0001). In multivariate analysis CVP remained associated with eGFR (r " #0.108,
p $ 0.0001). In a median follow-up time of 10.7 years, 741 (29%) patients died. We found that CVP was an in-
dependent predictor of reduced survival (hazard ratio: 1.03 per mm Hg increase, 95% confidence interval: 1.01
to 1.05, p " 0.0032).

Conclusions Increased CVP is associated with impaired renal function and independently related to all-cause mortality in a
broad spectrum of patients with cardiovascular disease. (J Am Coll Cardiol 2009;53:582–8) © 2009 by the
American College of Cardiology Foundation

Renal dysfunction is a strong and independent predictor of
prognosis in the general population but also in patients with
diabetes, hypertension, coronary artery disease, and heart
failure (1–7). The pathophysiology is multifactorial and
associated with decreased renal perfusion, atherosclerosis
and inflammation, endothelial dysfunction, and neurohor-
monal activation (8–10). We recently showed that in
patients with cardiac dysfunction secondary to pulmonary

hypertension, not only was renal perfusion strongly associ-
ated with renal function impairment but also with venous
congestion (11). However, it is unclear whether this obser-
vation is limited to those patients with reduced cardiac
function and pulmonary hypertension or whether it also
may be present in patients with a mixture of cardiovascular
diseases with varying etiologies and treatments. In addition,
there are only limited data on the relationship between

See page 597

venous congestion, as estimated by central venous pressure
(CVP) and the impact on prognosis, even in patients with
and without heart failure. The studies that have been
conducted are either small or include only noninvasive
assessment of increased venous congestion, such as jugular
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COMMENTARY

Venous congestion: are we adding insult to
kidney injury in sepsis?
Rajkumar Rajendram1 and John R Prowle2*

See related research by Legrand et al., http://ccforum.com/content/17/6/R278

Abstract

In critical illness, septic shock is a contributing factor in
nearly half of all cases of acute kidney injury (AKI).
Traditional approaches to prevention of organ
dysfunction in early sepsis have focused on prevention
of hypoperfusion by optimisation of systemic
haemodynamics, primarily by fluid resuscitation. Fluid
administration to a target central venous pressure
(CVP) of 8 to 12 mmHg (12 to 15 mmHg in
mechanically ventilated patients) is currently
recommended for the early resuscitation of septic
shock. However, in the previous issue of Critical Care,
Legrand and colleagues report that higher CVP in the
first 24 hours of ICU admission with septic shock was
associated with increased risk for development or
persistence of AKI over the next 5 days. This study
highlights a potential association between venous
congestion and the development of septic AKI,
suggesting that CVP-targeted fluid resuscitation in
septic shock might not be beneficial for renal function.

Septic shock is consistently the most common causative
factor identified for acute kidney injury (AKI) in critical
illness, and has been associated with nearly 50% of cases
internationally. Despite advances in our understanding
of the pathophysiology of septic AKI, treatment aimed at
reversing or preventing septic AKI remains primarily
based on supportive haemodynamic management. In the
previous issue of Critical Care, Legrand and colleagues
examine the association between haemodynamic targets
of resuscitation (cardiac output, mean or diastolic blood
pressure, central venous pressure (CVP) and central ven-
ous oxygen saturation) and development or persistence

* Correspondence: John.Prowle@bartshealth.nhs.uk
2Adult Critical Care Unit, The Royal London Hospital, Barts Health NHS Trust,
Whitechapel Road, London E1 1BB, UK
Full list of author information is available at the end of the article

of AKI in a single centre study of patients with septic
shock admitted to a surgical ICU [1].
The authors found that only higher CVP and low dia-

stolic blood pressure were associated with increased risk
of development of new AKI, or persistence of renal dys-
function present at ICU admission. In these patients
new or persistent AKI was significantly associated with
increased risk of death in hospital. Importantly, the asso-
ciation between CVP and AKI remained when poten-
tially confounding effects of positive fluid balance and
higher positive end-expiratory pressure were accounted
for in a multivariable analysis. So, a 5 mmHg increase in
CVP predicted 2.7-fold odds of new or persistent AKI.
Furthermore, when the association between different
levels of mean CVP and AKI was examined in a non-
parametric logistic regression, there was a trend for
higher CVP to be associated with worse renal outcome
for all levels of CVP from 4 mmHg upward, so that a
CVP of 15 mmHg was associated with an approximately
80% risk of new or persistent AKI, compared to approxi-
mately 30% at a CVP of 6 mmHg.
These findings are important because current sur-

viving sepsis campaign guidelines recommend fluid
resuscitation of patients with sepsis-induced tissue hypo-
perfusion to target a CVP of 8 to 12 mmHg (or 12 to
15 mmHg in mechanically ventilated patients) within 6
hours of presentation [2]. In patients with sepsis-
induced hypotension the rationale for CVP targeted fluid
resuscitation is to ensure ‘adequate’ cardiac preload and
hence maintain cardiac output and organ perfusion.
However, absolute levels or changes in CVP poorly
predict cardiovascular response as sepsis-induced
hypotension is multi-factorial, related to changes in
myocardial performance, vascular tone, regional blood
flow distribution, venous reservoir capacity and capillary
permeability. In contrast, elevated CVP will cause a dir-
ect and predictable increase of renal venous pressure
that, experimentally, has been associated with elevated
renal interstitial and intra-tubular pressure [3]. Resultant
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Results
Patients’ characteristics
The study patients’ characteristics are presented in Table 1.
After screening and application of selection criteria, 137
patients were included (Figure 1). AKI was diagnosed in
105 patients (77%) upon ICU admission. From among
those patients, 69 were found to have new or persistent
AKI after admission. Respectively, 5 (16%) of 32 patients
with AKIN stage 1 AKI upon admission, 14 (46%) of 30 pa-
tients with AKIN stage 2 AKI upon admission and 35
(47%) of 47 of patients with AKIN stage 3 AKI were subse-
quently classified as AKI + (that is, persistent AKI).
Thirty-two patients required RRT, which was initiated

early (1 day (1 to 2) after ICU admission). The AKI +
group scored higher on the Simplified Acute Physiology
Score II, as well as higher base deficit and bilirubin
levels upon admission. AKI + patients had a higher posi-
tive fluid balance during the first 24 hours after admission
(3,591.5 ml/kg/h (2,597.5 to 5,714) vs. 2,905 ml/kg/h
(1350 to 4717.5); P = 0.008) and lower urinary output
(0.6 ml/kg/h (0.4 to 1.2) vs. 0.9 ml/kg/h (0.7 to 1.4);
P = 0.0045). Need for mechanical ventilation, use of vaso-
pressors and/or use of inotropes did not differ between
groups. The origin of infection and causative pathogens
did not differ between groups either (Table 1).

Relation between acute kidney injury and systemic
hemodynamics
The tested hemodynamic variables are presented in
Table 2. Only CVP level and DAP (mean and ULR) were
statistically different between patients with AKI + and
AKI−. CVP values were higher in the AKI + group (4 mmHg
(2 to 6) vs. 6 mmHg values in brackets are Interquartile
range, as specified in the Methods (statistical analysis) sec-
tion (3 to 8), respectively; P < 0.0001). In addition, CVP
was associated with new or persistent AKI (odds ratio
(OR) = 1.23 (1.10 to 1.38); P = 0.0003). In the full adjusted
model, the ORs were 1.05 (0.93 to 1.19; (P = 0.3988) for
PEEP (for 1 cmH2O) and 1.05 (1.01 to 1.09; P = 0.0154)
for positive fluid balance (for each 250 ml). The associ-
ation between CVP and new or persistent AKI remained
(OR = 1.22 (1.08 to 1.39) for an increase of 1 mmHg;
P = 0.002) after adjustment for fluid balance and PEEP
level), together with a quasi-linear relationship between
CVP level and the risk of developing new or persistent
AKI (Figure 2). The excretion fraction of sodium was
higher (1% (0.3 to 2.9) vs. 0.5% (0.2 to 0.9); P = 0.031),
and the urine/plasma creatinine ratio (38.3 (23.7 to 62.5)
vs. 65.5 (44.1 to 115.3); P = 0.001) was lower, in the AKI +
group than in the AKI − group. The excretion fraction of
urea (26.2% (13.8 to 62.5) vs. 30.1% (18 to 46.5); P = 0.21),
urinary sodium/potassium ratio (0.6 (0.4 to 1.3) vs. 0.7 (0.4
to 1.3); P = 0.77) and plasma urea/creatinine ratio (96.8

(60.9 to 119.6) vs. 100.6 (74.2 to 132.5); P = 0.19) did
not differ between groups.

Outcomes
The cohort ICU length of stay was 9 days (5 to 17). The
mortality rates were 23% (32 patients) and 26% (37
patients) in the ICU and at 28 days, respectively. The
AKI + group had a higher mortality rate in the ICU
(39% vs. 6%; P = 0.0003), in the hospital (45% vs. 16%;
P = 0.0004) and at day 28 (38% vs. 15%; P = 0.003) than
AKI − patients (Figure 3). Among the 14 survivors re-
quiring RRT, 1 was continued on it after ICU discharge.

Discussion
In the present study, we observed a weak association be-
tween systemic hemodynamic parameters and the deve-
lopment of AKI among septic ICU patients. The
hemodynamic parameter most associated with the deve-
lopment or progression of AKI, regardless of the level of
fluid balance and PEEP, was the CVP level. This suggests
participation of venous congestion in the physiopatho-
logy of AKI in severe sepsis and septic shock.
Although the role of renal hypoperfusion is believed to

contribute to the development of sepsis-induced renal
dysfunction, AKI appears to be only partially reversible
after optimization of systemic hemodynamics [14]. Re-
cently, Schnell et al. found that fluid loading did not in-
fluence the Doppler renal resistive index in septic ICU

Figure 2 Statistical model of nonparametric logistic regression
showing the relationship between mean central venous
pressure during the first 24 hours after admission and the
probability of new or persistent acute kidney injury. Note the
plateau for the incidence of acute kidney injury (AKI) when the
lower limit of central venous pressure (CVP) was between 8 and
12 mmHg. Over this limit, the rise in CVP was associated with a
sharp increase in new or persistent AKI incidence.
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“…association between CVP and AKI …  
a 5 mmHg increase in CVP predicted 2.7-fold odds of new or persistent AKI.”

“Renal outcomes were worse for all CVPs from 4 mm Hg and above”
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and following discussion, competing proposals for wording 
of recommendations or assigning strength of evidence were 
resolved by formal voting within subgroups and at nominal 
group meetings. The manuscript was edited for style and form 
by the writing committee with final approval by subgroup 
heads and then by the entire committee. To satisfy peer review 
during the final stages of manuscript approval for publication, 
several recommendations were edited with approval of the SSC 
executive committee group head for that recommendation and 
the EBM lead.
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had relevant COI was discussed, and they were not allowed 
to serve as group head. At the time of final approval of the 
document, an update of the COI statement was required. No 
additional COI issues were reported that required further 
adjudication.

MANAGEMENT OF SEVERE SEPSIS
Initial Resuscitation and Infection Issues (Table 5) 
A. Initial Resuscitation
1. We recommend the protocolized, quantitative resuscitation of 

patients with sepsis- induced tissue hypoperfusion (defined in 
this document as hypotension persisting after initial fluid chal-
lenge or blood lactate concentration ≥ 4 mmol/L). This proto-
col should be initiated as soon as hypoperfusion is recognized 
and should not be delayed pending ICU admission. During the 
first 6 hrs of resuscitation, the goals of initial resuscitation of 
sepsis-induced hypoperfusion should include all of the follow-
ing as a part of a treatment protocol (grade 1C):
 a) CVP 8–12 mm Hg
 b) MAP ≥ 65 mm Hg
 c) Urine output ≥ 0.5 mL·kg·hr
 d)  Superior vena cava oxygenation saturation (ScvO

2
) or 

mixed venous oxygen saturation (SvO
2
) 70% or 65%, 

respectively.
2. We suggest targeting resuscitation to normalize lactate in 

patients with elevated lactate levels as a marker of tissue 
hypoperfusion (grade 2C).

Rationale. In a randomized, controlled, single-center study, 
early quantitative resuscitation improved survival for emer-
gency department patients presenting with septic shock (13). 
Resuscitation targeting the physiologic goals expressed in rec-
ommendation 1 (above) for the initial 6-hr period was associ-
ated with a 15.9% absolute reduction in 28-day mortality rate. 
This strategy, termed early goal-directed therapy, was evalu-
ated in a multicenter trial of 314 patients with severe sepsis in 
eight Chinese centers (14). This trial reported a 17.7% absolute 
reduction in 28-day mortality (survival rates, 75.2% vs. 57.5%, 

TABLE 4. Factors Determining Strong vs. Weak Recommendation

What Should be Considered Recommended Process

High or moderate evidence  
(Is there high or moderate quality 
evidence?)

The higher the quality of evidence, the more likely a strong recommendation.

Certainty about the balance of benefits vs. 
harms and burdens (Is there certainty?)

The larger the difference between the desirable and undesirable consequences and 
the certainty around that difference, the more likely a strong recommendation. The 
smaller the net benefit and the lower the certainty for that benefit, the more likely a 
weak recommendation.

Certainty in or similar values  
(Is there certainty or similarity?)

The more certainty or similarity in values and preferences, the more likely a strong 
recommendation.

Resource implications  
(Are resources worth expected benefits?)

The lower the cost of an intervention compared to the alternative and other costs related to 
the decision–ie, fewer resources consumed–the more likely a strong recommendation.
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“resuscitate with fluids, pushing the CVP up to a 
maximum of 17 mm Hg”!!!

And yet……
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