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Background: Septic shock is a serious condition leading to high mortality and morbidity. Many varieties of attempts aiming
toward improving outcomes have been implemented. However, the appropriate therapeutic end point of shock resuscitation
is still under investigation. The authors report here the dynamics of commonly used parameters, namely central venous
oxygen saturation (ScvO,) and lactate concentration during resuscitation.

Material and Method: Adult patients admitted with severe sepsis and septic shock from October 1, 2009 to January 31, 2009
were enrolled. During hemodynamic resuscitation, the central venous blood was drawn for ScvO, and lactate measurement
right after the CVC was placed (T1) and at the point where the blood pressure goal was achieved (T2). The third and the fourth
measurements were obtained at 1 and 2 hours thereafter (T3 and T4). These samples were ice chilled and were sent to central
laboratory for blood gas analysis and lactate determination.

Results: Twenty patients underwent the study. There was no significant change in ScvO2 from T1 to T4. All but five ScvO,at
T1 were above 70%. Lactate level gradually declined during the course of treatment and the clearance from T1 to T3 was
calculated as 15.4%. No correlation between ScvO, and lactate level was noted at any sampling time. When partitioning
venous oxygen saturation in to 4 groups, that is ScvO,< 65, 65-< 75, 75-<85 and > 85, respectively, those with ScvO,> 85%
had the highest lactate concentration.

Conclusion: Central venous oxygen saturation and its changes during treatment were heterogeneous which made this
parameter less reliable than others to monitor management. The lactate clearance, although slow, is uniform and may be used

alone or in combination with other parameters to monitor resuscitation.
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Septic shock is a serious condition leading to
high mortality and morbidity. Numerous attempts
consisting of evidence based information and the
Surviving Sepsis Campaign® have proved to increase
outcomes. This includes early stabilization of
hemodynamics by rapid restoration of intravascular
volume and timely administration of vasopressors
adjusted to achieve blood pressure target. Thereafter,
inotropes or red blood cell transfusion is administered
to render adequate tissue perfusion as judged by global
oxygenation parameters®, The currently recommended
parameters for resuscitation target include the central
venous oxygen saturation of more than 70%® and later,
ameasurement of the clearance of serum lactate of more
than 10%@.
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At present, there is no exact parameter
indicating the point where adequate oxygenation is
restored. Central venous oxygen saturation (ScvO,),
which represents amount of venous oxygen left from
tissue bed, is low at shock and is satisfactorily high (>
70%) at shock reversal. However, this information may
not be applicable in all patients since in some cases,
high oxygen saturation is noted despite severe shock®
and change of lactate level during shock resuscitation
is slow. Measurement of tissue oxygen by near infrared
spectrometry has been introduced and this has been
under investigation. Other measures to quantify
regional organ perfusion possess certain limitations.

Hence, the authors conducted a prospective
observational study aimed to examine the changes of
central venous oxygenation and serum lactate during
septic shock resuscitation. This knowledge would
render better understanding of the dynamic changes
of these parameters from beginning of resuscitation to
the end point where tissue perfusion was restored.
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Also, the correlation between these parameters would
be verified.

Material and Method

Adult patients admitted to the Medical wards
or the Medical ICU with severe sepsis and septic shock
from October 1, 2009 to January 31, 2010 were enrolled
after written informed consents from the patients or
their relatives. The diagnostic criteria for sepsis
included a suspected infectious source and two of the
following: a) temperature > 38°C or < 36°C b) heart rate
> 90/minute c) respiratory rate > 20 breaths/minute, or
P.CO, 32 mmHg or less or d) white blood cell count
> 12,000 cell/cu mmd or < 4,000 cell/cu mmé or > 10%
band cells. For septic shock, the patients must have a
systolic blood pressure < 90 mmHg after 20 ml/kg fluid
challenge. They must be older than 18 year. Patients
who underwent cardiopulmonary resuscitation, those
who received medications which might cause metabolic
acidosis including metformin, stavudine and zidivudine
and patients with the diagnosis of cirrhosis and
alcoholism were excluded from the present study.

All patients underwent our institution’s septic
shock management guideline. Briefly, after the
diagnosis was made, isotonic crystalloid was rapidly
given at the rate of 10-20 ml/kg during the first half
hour and additional bouts were given to raise mean
arterial pressures toward 65 mmHg. Central venous
catheter (CVC) was inserted after 1,000-2,000 ml fluid in
order to monitor central venous pressures (CVP) and
to obtain venous blood samples. Norepinehrine was
administered to increase blood pressures when
adequate intravascular volume was achieved as judged
by a CVP of 8-12 mmHg. When the target pressures
were reached, central venous blood was drawn for
venous oxygenation measurement (ScvO,) and lactate
determination. Dobutamine infusion was added in
patients who had venous oxygen saturation of less
than 70% and a hematocrit of more than 30%. For
venous hypoxic patients with hematocrit less than 30%,
red blood cells transfusion would be given. All patients
received appropriate empirical antibiotics; which in
some cases, were later adjusted according to the culture
results.

Study protocol

Four batches of blood were drawn during the
study. The first sample was taken right after the CVC
(T1) was placed and the second one at the point when
the blood pressure goal was achieved (T2). The third
and the fourth ones were obtained at 1 and 2 hours
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thereafter (T3 and T4). These samples were ice chilled
and were sent to central laboratory for blood gas
analysis and lactate determination.

Statistical analysis

The descriptive data were described as mean
+SD. The values of ScvO, and venous lactate in each
time frame were plotted. Correlation between ScvO,
and blood lactate at T1, T2, T3 and T4 were determined
by simple linear regression using each value as a
variable. The strength of association between the two
variables was measured by the Pearson correlation
coefficient ().

Ethical considerations

The present study was reviewed and
approved by the Siriraj ethics committee, using the
Declaration of Helsinki.

Results

Of 20 patients who were included in the study,
eight of them (40%) were male. The mean age was 64
years. As shown in Table 1, seven (35%) of them had
diabetes mellitus and 6 (30%) had hypertension. As for
the site of infection, 6 (30%) were in the respiratory
tract, 4 (20%), 3 (15%), 2 (10%) and 2 (10%) were in
gastrointestinal tract, urinary tract, bone and joint and
soft tissue, respectively. Three of these patients had
primary blood stream infection.

Fig. 1 demonstrated scatter plot of ScvO, and
serum lactate in each sampling time. Note that all but 5
ScvO, values at T1 were above 70%, the point at which
denotes the therapeutic endpoint of resuscitation. The
venous oxygen saturation remained unchanged
throughout treatment period. Serum lactate gradually
decreased from T1 to T4. The clearance of serum lactate

Table 1. Baseline characteristics

Variables No. (%)
Total 20 patients

Age (year) 63.9+17.8
Male (%) 8 (40%)
SAPS Il score (mean + SD) 60.1 +12.3
Underlying diseases (%) 16 (80%)
Diabetes Mellitus 6 (30%)
Hypertension 7 (35%)
Cardiovascular disease 4 (20%)

Hematologic malignancy 3 (15%)

Kidney disease 2 (10%)

Others 4 (20%)
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Fig. 1 \Venous oxygen saturation and serum lactate during

septic shock resuscitation; Fig. 1.1 Dot plots of
ScvO, from T1 (1) to T2, T3 and T4 (2, 3 and 4
respectively). Note that all but 5 ScvO, at T1 were
more than 70%. There was no significant change of
mean ScvO, during septic shock resuscitation;
Fig. 1.2 Dot plots of serum lactate from T1 (1) to
T2,T3 and T4 (2,3 and 4 respectively). The mean
values of serum lactate gradually declined during
the course of treatment

at T3 and T4, as calculated from the proportional
decrement from the first sample was 14.5%. Fig. 2
discloses the correlation between ScvO, and serum
lactate at T1, T2, T3 and T4 respectively. No significant
correlation between these parameters was noted at any
time of sampling (T1r=-0.002, p=0.995, T2r=0.093, p
=0.742,T3r=-0.018,p=0.950and T4 r =-0.003,p =
0.992).

When partitioning venous oxygen saturation
in to 4 groups, that is ScvO, < 65, 65-<75, 75-< 85 and
> 85 respectively and calculating the corresponding
mean lactate concentration, a significant finding is
demonstrated. As shown in Table 2, a significantly
higher level of lactate was noted at ScvO,of more than
85%.

Discussion

The above data demonstrated dynamic
changes of central venous oxygen saturation and serum
lactate during septic shock resuscitation. Interestingly,
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most venous oxygen saturation were higher than 70%
early at the beginning of treatment, then remained
unchanged during the treatment course while serum
lactate gradually declined. No correlation between
venous oxygenation and serum lactate was observed
at any time of sampling. Also, when segmenting
patients into groups according to venous oxygen
saturation, those with the highest ScvO, had upper
most mean serum lactate.

The finding that most ScvO, values at T1
were greater than 70% was important. It gave rise to
the doubt regarding using venous saturation as a
parameter indicating therapeutic end point of shock
management. T1 is the time at which central venous
catheter line were placed. At the moment, most patients
were still hypotensive and required further fluid
challenge or vasopressors. In addition, subsequent
sampling at T2, T3 and T4 disclosed no change in
venous saturation. Some explanation for these
phenomena might be postulated here. At T1, some
patients might receive a significant amount of fluid to
raise ScvO,; in the others, mitochondrial dysfunction
might be presented and this resulted in high ScvO,
due to cellular failure to use oxygen®. Resuscitation
improved tissue perfusion but changes in venous
saturation varied, resulted in an unchanged mean ScvO,,
These findings might also explain the lack of correlation
between ScvO, and lactate. Also these findings, in some
part, paralleled with other studies. Puskarich et al®
recently reported the uses of venous oxygen or lactate
clearance as the therapeutic end point of septic shock.
The important findings included the initial mean ScvO,
of 80%, which was similar to ours. The achievement of
the ScvO, goal alone in this study was associated with
a higher mortality rate as compared with the
achievement of only the lactate clearance goal. Pope et
al® separated the patients with sepsis to 3 groups
according to their venous oxygen saturation: those
with hypoxia, normoxia and hyperoxia (ScvO, < 70, 70-
90 and > 90%, respectively). They found that the
presence of both venous hypoxia and hyperoxia were
associated with high mortality and also initial hyperoxia
was associated with more fatalities. This concurred with
our finding, demonstrated in Table 2, in which patients
with ScvO, > 85% had higher lactate level.

As for serum lactate, our data showed that
the lactate level gradually declined during sequential
follow-up (Fig. 1). The initial level of 6.2 mMol/L
dropped to 5.3 mMol/L at T3 and T4 and hence the
clearance was 14.5%. This finding clearly demonstrated
changes of lactate which were uniform and gradual. It
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Fig. 2 Correlation between ScvO, and serum lactateduring septic shock resuscitation. The venous oxygen saturation
(Scv0,) and serum lactateduring septic shock resuscitation at T1, T2, T3 and T4 were plotted as shown in figures
2a, 2b, 2c and 2d respectively. No significant correlation between these parameters was noted at any time of
sampling (T1 r=-0.002, p=0.995, T2r=.093, p=0.742, T3r =-0.018, p=0.950 and T4 r = -0.003, p = 0.992)
Table 2. The average of serum lactate concentration in each ScvO, range. Note that the mean serum lactate at ScvO, > 85%
was higher than other 3 subgroups (p = 0.042)
ScvO, (%) <65 65-<75 75-<85 >85
Sample size (total = 74) 13 20 26 15
ScvO, (%) 59.8 +4.5 719+23 81.1+3.0 88.80+24
Serum lactate (mmol/L) 6.16 + 3.87 5.94 + 3.44 4.3+ 3.61 7.49 +5.99

was comparable to other studies which demonstrated  diagnoses of sepsis. They allocated patients into 2

the benefit of using lactate clearance to identify reversal
of tissue hypoxia. Jansen et al® reported a randomized
control studyaiming to examine the efficacy of lactate
clearance in critically ill patients, in whom 38% had
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groups. One underwent routine protocol aimed to
restore hemodynamics without knowing lactate level,
while the other underwent the algorithm focusing on
reducing lactate level of at least 20% every 2 hours for
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the first 8 hours. The latter group had better survival.
This supported the superiority of using lactate clearance
to define the end point of shock resuscitation. At
present, abundant studies disclosed similar results®,
Hence, more resuscitative algorithms using lactate as a
primary parameter indicating tissue perfusion would
be expected. At the same time, alternative parameters,
namely near infrared spectroscopy®, microvascular
blood flow determination® and etc. have been tested
in order to better identify the reversal of tissue hypoxia.
In conclusion, the present study demonstrated the
dynamics of central venous oxygen saturation and
serum lactate during septic shock resuscitation. The
heterogeniety of ScvO, and its changes during
treatment course made this parameter less reliable than
expected to monitor septic shock management. The
lactate clearance, although slow, but uniform and may
be use alone or in combination with other parameters
to monitor resuscitation. Further studies are necessary
to examine and discover an effective tool to better
monitor the treatment of this serious disease.

Potential conflicts of interest
None.

References

1. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker
MM, Jaeschke R, et al. Surviving Sepsis Campaign:
international guidelines for management of severe
sepsis and septic shock: 2008. Intensive Care Med
2008; 34: 17-60.

2. Jones AE, Shapiro NI, Trzeciak S, Arnold RC,
Claremont HA, Kline JA. Lactate clearance vs
central venous oxygen saturation as goals of early
sepsis therapy: a randomized clinical trial. JAMA

5236

10.

2010; 303: 739-46.

Loiacono LA, Shapiro DS. Detection of hypoxia at
the cellular level. Crit Care Clin 2010; 26: 409-21.
Puskarich MA, Trzeciak S, Shapiro NI, Arnold RC,
Heffner AC, Kline JA, et al. Prognostic value and
agreement of achieving lactate clearance or central
venous oxygen saturation goals during early sepsis
resuscitation. Acad Emerg Med 2012; 19: 252-8.
Pope JV, Jones AE, Gaieski DF, Arnold RC, Trzeciak
S, Shapiro NI. Multicenter study of central venous
oxygen saturation (ScvO(2)) as a predictor of
mortality in patients with sepsis. Ann Emerg Med
2010; 55: 40-6.

Jansen TC, van Bommel J, Schoonderbeek FJ,
Sleeswijk Visser SJ, van der Klooster JM, Lima AP,
etal. Early lactate-guided therapy in intensive care
unit patients: a multicenter, open-label, randomized
controlled trial. Am J Respir Crit Care Med 2010;
182:752-61.

Arnold RC, Shapiro NI, Jones AE, Schorr C, Pope
J, Casner E, et al. Multicenter study of early lactate
clearance as a determinant of survival in patients
with presumed sepsis. Shock 2009; 32: 35-9.
Wacharasint P, Nakada TA, Boyd JH, Russell JA,
Walley KR. Normal-range blood lactate
concentration in septic shock is prognostic and
predictive. Shock 2012; 38: 4-10.

Skarda DE, Mulier KE, Myers DE, Taylor JH,
Beilman GJ. Dynamic near-infrared spectroscopy
measurements in patients with severe sepsis.
Shock 2007; 27: 348-53.

Arnold RC, Parrillo JE, Phillip DR, Chansky ME,
Shapiro NI, Lundy DJ, et al. Point-of-care
assessment of microvascular blood flow in critically
ill patients. Intensive Care Med 2009; 35: 1761-6.

J Med Assoc Thai Vol. 96 Suppl. 2 2013



N5 UALUHLAIUIRIAIAINDNAIUBNDANTEAU | WADAASTEALLANAN I UNABALARAA
faunarlugiladanannisiniida

lagsaw iinAina, AaaANT uWiMSaUNGD, §564 Nadag, slg SAULSH, 1anFuNs QAN

DANAY: N9 %@ﬂ@’)ﬂﬂ’l?ﬁlﬁ)L"Zi@(Sept/c shock) Lﬁumomwufmmmmzmmfzmmo NIEINIAINULUININ
Surviving Sepsis Campa/gn wmmm@\mm’zmmnmmnmm’;\77 arusaansarnele 9ANNIE
izfmmsmmm?@mmﬂw@@nmwwYﬂmumﬂ@mw néunwTung Taglsan central venous oxygen satu-
ration (ScvO) TINIANHIAGT NINLINHTETIA ’E)ﬂ?flxml‘ll@ll@ﬂ’lﬂ%%ﬁ)ﬂ!,mﬂLEI‘VILL@;‘:H’)?@ﬁ)@ﬂ?f@ﬂﬂ’]ﬁ)ﬂﬂ@’)?
<9923 (lactate clearance) 1Tun1s1lsziduanyuIn125nE
Saguszaea iadAnmininFeuurassznang ScvO Al serum lactate lugraadanainnisinide
541219195147
'Jvﬁmm £28n195: Lﬂun’zmnw’nmumw@mYi/"zmwm (pros,oect/ve cohort study) Tﬁ)ﬁlmﬁ‘ﬂm@@nmﬂﬂﬁl
fineFanainnisinide lunssuainen (Septic shock)wYmuio‘lufmwmmmmm% Faum il 1 AAIAN W.A.
2552 {19 31 anAN W.A. 2553 Nﬂ?ﬂﬁ)dﬂ@ﬂ‘lﬁ)?umﬁ‘?nﬂﬁm’m septic shock guideline Z’mmﬁnm
fa:mm@mvnmm@’mmum@mm?wmm@ (centra/ venous blood) FI?Q@GI/’I chO AU serum lactate
mo@7Ymumﬂmmmummmmm (T1) Lm@mﬂoﬂmmmummn@ummﬁzmﬂvwmm (target blood pres-
sure) (T2)uag e 1 alug 2 mfmmwmnuummmu (T3, T4)
NANISANS; mjomvmu 20 AUTIINPIANTANE mchO mmumu’lwmmmmnnm 70% mevmm
7839Scv0, Zm;mmJ@zlmulmmmmwmfmm (T1 - T4) ﬂ/mmmm@m/@\wmmmmmwmmmcy W27
lactate clearance 270 T1 814 T3 JJFM 14. 5% ZilWi/ﬂQﬁ.ilﬂilW‘lJﬁ? ‘1/7'3”1\7?7’1 chO AU serum lactate Yuwnbmdmm
(T1 -T4) Lm:m@umn@mmmﬂu 4 ﬂZVJJ ﬂ@ n@mwm cho < 65%, 65 - <75%, 75 - <85% me@mu
SevO > 85% %wmv 1 lactate anadiile SevO, inBumaIAY enaudle ScvO,> 85% QN7 A7
lactate 1NA @Em;uus/mﬁm
ag1l: lusena19n195nBIN19:F8nINN13AALT 8 mchO sz/ﬂowmvmnmuzwmuﬂmomnnm
70%uazidn1suld suutlasluuueuluun azae 1/1777/7@ nedunaenTa9ni1ssnm n1a auulag
aaumuamendninFeuutasuniduluniuiariu wﬂzg@u@mu”myumsh lactate clearance

lunsilszidunisinen

J Med Assoc Thai Vol. 96 Suppl. 2 2013 S237



