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Background and objectives: Low central venous oxygen saturation (ScvO,) indicates an imbalance between cellular oxygen supply and con-
sumption and, consequently, worse prognosis for critical patients. However, it is not clear what the value of this marker in surgical patients. The
objective of the present study was to evaluate whether low perioperative ScvO, determines a worse prognosis.

Methods: This is a 6-month observational study carried on in a tertiary hospital. Patients who needed to be in the intensive care unit (ICU) posto-
peratively, with age > 18 years, who underwent large surgeries, were included. Patients who underwent palliative surgeries and those with severe
heart failure were excluded. Levels of ScvO, were measured before the surgery, during the procedure, and after the surgery in the ICU.

Results: Sixty-six patients were included in this study, but 25.8% of them did not survive. Mean ScvO, levels were higher intraoperatively, 84.7 + 8.3%,
than preoperatively and in the ICU, 74.1 + 7.6% and 76.0 + 10.5% (p = 0.0001), respectively. However, only preoperative SvcO, levels of non-surviving
patients were significantly lower than those who survived. By logistic regression, preoperative ScvO,, OR = 0.85 (95% Cl 0.74-0.98) (p = 0.02), was an
independent factor of in-hospital mortality. Patients with preoperative ScvO, < 70% had greater need of intraoperative blood transfusion (80.0% versus
37.0%, p = 0.001) and volume replacement, 8,000.0 (6,500.0-9,225.0) mL versus 6,000.0 (4,500.0-8,500.0) mL (p = 0.04), with greater chances of pos-
toperative complications (75% versus 45.7%, p = 0.02) and longer time in the ICU, 4.0 (20.0-5.0) days versus 3.0 (1.7-4.0) days (p = 0.02).

Conclusions: Intraoperative ScvO, levels are higher than those both in the pre- and postoperative period. However, low preoperative ScvO,
determines worse prognosis.

Keywords: COMPLICATIONS: mortality; OXYGEN: consumption, blood levels; RISK: factors.
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INTRODUCTION Several reports indicate that poor outcomes after large

surgeries are strongly associated with imbalances in oxygen
delivery related to hindered microvascular flow 78. The use of
fluids and inotropic drugs increases the oxygen delivery and it

It is estimated that 234 million large surgeries are performed
each year '. Complications after large surgeries represent cau-

ses of morbidity and mortality. High risk surgical patients repre-
sent 15% of all procedures, but more than 80% of deaths 23.

The data confirms that unfavorable outcomes after high risk
surgeries represent a global problem 46, Even in patients who
survive hospitalization, complications remain an important de-
terminant of a short survival time €. Therefore, it is essential to
look for tools to improve the outcome of patients undergoing
large surgeries.
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can reduce the incidence of complications 1.

Several studies in the literature describe changes in pe-
rioperative central (ScvO,) and mixed (SvO,) oxygen satura-
tion' and in patients with severe sepsis 12, which have led to
the use of venous saturation as a therapeutic target in surgical
patients. However, the complex physiology of venous oxygen
saturation in surgical patients is poorly understood. Detailed
understanding of those principles is essential for the safety
and effective application of ScvO; in clinical practice. Recen-
tly, two studies '3 with surgical patients demonstrated the
impact of low intraoperative venous saturation on complica-
tions, but not on mortality.

The objective of this study was to evaluate intraoperative
ScvO, as risk factor for complications and death in surgical
patients admitted to the ICU.

METHODS

After approval by the Ethics and Research Commission, this stu-
dy was carried on in a tertiary hospital. This is an observational
study whose inclusion criteria were patients ages > 18 years who
underwent surgeries, needed intraoperative central venous ca-
theter, and required postoperative admission to the ICU.
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Patients who underwent palliative surgeries, with low life ex-
pectancy, liver failure (Child B or C), functional class IV heart
failure or ejection fraction lower than 30% on echocardiogram,
and those who did not agree to participate were excluded.

The primary outcome of this study was hospital mortality
according to venous saturation. Thus, every patient was follo-
wed-up until hospital discharge. The secondary outcome was
the evaluation of intraoperative complications, such as the in-
traoperative need of blood transfusion, volume replacement,
and vasopressors and, postoperatively, the presence of organ
dysfunction, shock (need of vasoactive drugs for over one hour
despite volume resuscitation), worse pulmonary exchange
(PaO,/FiO, ratio < 200), renal failure (increase of 50% in cre-
atinine or urine output lower than 400 mL in 24 hours), mental
confusion (change in behavior, forgetfulness, or psychomotor
agitation), and platelet dysfunction (fall of 30% from baseline
levels) up to 24 hours postoperatively. Besides, factors such
as infection during the stay in the ICU, length of stay in the
ICU, and length of hospitalization were also evaluated.

Initially, patients were divided into two groups: survivors
(Group 1) and non-survivors (Group 2). Considering prior stu-
dies with ScvO,, the percentage of 70% was adopted as a cut-
ting point to evaluate intra- and postoperative complications.

Intraoperative treatment was determined by the surgical
team. Postoperatively, the goal of the intensive care physician
was to improve perfusion parameters and he had no knowled-
ge which group the patient belonged to.

At the time of inclusion the scores of the Multiple-Organ
Dysfunction Syndrome (MODS) '5, Acute Physiology and
Chronic Health Evaluation (APACHE 1) 6, and Physiologic
and Operative Severity Score for the enUmeration of Mor-
tality and morbidity (POSSUM)'” were also evaluated using
the worse values of the variables of those scores. Besides,
before beginning the surgery, after anesthetic induction, at 3
hours of the procedure, upon admission to the ICU, and after
6 postoperative hours arterial and venous blood gases were
collected. The central venous catheter was placed at the right
atrial outlet, which was confirmed by a chest X-ray.

Initially, demographic, clinical, and physiologic characteris-
tics of the patients are described. For the description of cate-
gorical variables, the frequencies were calculated. Quantita-
tive variables were described by using central tendency and
dispersion measurements.

The choice of the statistical method used in the evaluation of
each variable was based on its distribution pattern. Categorical
variables were analyzed by the Chi-square test, and continuous
variables by the mean with the Student t test, for normal distri-
bution, and continuous variables with irregular distribution were
analyzed by the Mann-Whitney test. Values of p < 0.05 (bicau-
dal) were considered significant. The SPSS 13.0 was used in the
analysis of those calculations. Initially, patients in Group 1 were
compared to those in Group 2. Afterwards, secondary outcomes
were compared starting at a value of ScvO, equal to 70%, accor-
ding to prior studies in the literature 210,

Logistic analysis through stepwise analysis was also done
to identify independent risk factors and to control confounding
effects (mutually adjusted variables). Variables that presen-
ted significant probability (p value) lower than 0.05 in the uni-
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variate analysis were considered candidates for the multiple
regression model.

RESULTS

From January 1, 2009 to July 1, 2009, 66 patients — 37 males
and 29 females — with a mean age of 65.6 years were inclu-
ded in this study. Elective surgeries predominated; they were:
gastrointestinal (78.8%), vascular (7.6%), thoracic (4.5%), or-
thopedic (3.0%), neurologic (3.0%), gynecologic (1.5%), and
urologic (1.5%) (Table I).

At the time of surgery, 40% of the patients received blood
transfusions, 32.5% vasoactive drugs, and an incidence of
54.5% of postoperative complications was observed, of whi-
ch shock was the most prevalent (45.5%), followed by renal
failure (19.7%), platelet dysfunction (19.7%), infection (6.7%),
worse oxygenation (10.6%), and confusion (7.6%) (Table II).

Mean ScvO, values of all patients were higher intraopera-
tively (84.7 + 8.3%) than preoperatively and in the ICU (74.1
+7.6% and 76.0 + 8.3% [p = 0.0001], respectively). However,
when survivors and non-survivors were compared, only pre-
operative levels of ScvO, of non-survivors were significantly
lower than those of survivors (Figures 1 and 2).
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Figure 1 — Mean Postoperative ScvO, Levels.
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Figure 2 — Comparison of ScvO, in Survivors and Non-survivors.
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In-hospital mortality was 25.8% (17 patients). Thus, when
the groups of survivors and non-survivors were compared by
univariate analysis, only 6 variables, among them preoperati-
ve ScvO,, APACHE II, MODS, POSSUM, duration of the sur-
gery, and intraoperative need of vasopressors, demonstrated
association with hospital mortality (Table I).

However, when variables associated to mortality in univa-
riate analysis were analyzed by logistic regression, only preo-
perative ScvO,, OR= 0.85 (95%CI 0.74-0.98) (p = 0.02), and
the intraoperative need of vasopressors, OR = 6.77 (95% ClI

1.46-31.30) (p = 0.01), were independent factors of in-hospital
mortality.

Considering that mean ScvO, of non-surviving patients
was below 70%, and based in prior studies that indicate wor-
se prognosis in patients with ScvO, below 70%, we compa-
red the outcomes of patients with preoperative ScvO, < 70%
and those with ScvO, > 70%. Patient with ScvO, < 70% had
greater need of intraoperative blood transfusion and volume
replacement, greater chances of postoperative complications,
and longer staying in the ICU (Table II).

Table | — Comparison of Surviving and Non-surviving Patients

Variables All patients (n = 66) Survivors (n = 49) Non-survivors (n = 17) p
Age (years) 65.6 + 12.2 65.0+ 13.2 67.2+9.1 0.52
Male gender (%) 56.1 53.1 64.7 0.40
APACHE Il 16.9+5.6 15.7 + 5.1 20.0+5.9 0.005
MODS 3.0 (1.0-4.0) 2.0 (1.0-4.0) 4.0 (3.7-5.2) 0.002
POSSUM 37.4+7.6 352+7.5 39.6+7.1 0.04
Physical status (%) 0.13

ASA | 6.6 8.5 0.0

ASAII 68.9 72.3 57.1

ASAII 24.6 191 42.9
Elective surgery (%) 95.5 94.9 94 1 0.76
Emergency surgery (%) 4.5 41 5.9 0.76
Gastrointestinal surgery (%) 78.8 77.6 82.4 0.90
Duration of surgery (hours) 6.9+24 6.5+2.1 8.2+3.0 0.03
Preoperative ejection fraction (%) 63.7+9.5 64.3+8.9 60.0 + 13.5 0.14
Preoperative ScvO, levels (%) 741 +7.6 76.0+6.4 68.9 £ 8.7 0.001
Preoperative lactate levels (mmol.L") 1.5+0.8 1.5+0.7 1.6+09 0.49
Preoperative base difference (mmol.L") -0.7 (-3.0-0.6) -0.7 (-2.5-0.8) -0.6 (-3.1-0.0) 0.43
Preoperative glucose levels (mg.dL") 120.0 = 54.2 125.4 + 60.1 106.8 = 31.0 0.23
Preoperative hemoglobin levels (g.dL) 11.4+£17 11.3+1.7 11.6+1.9 0.59
Units of PRBC

intraoperatively (%) 2.0 (2.0-3.0) 2.0 (1.2-2.7) 2.0 (2.0-4.0) 0,68

postoperatively (%) 1.5 (1.0-2.0) 1.0 (1.0-2.0) 2.0 (1.0-2.0) 1,0
Crystalloid

intraoperatively (mL) 7,000.0 (4,625-8,875) 6,000.0 (4,500.0-8,375.0) 8,000.0 (6,625.0-9,125.0) 0,11

postoperatively (mL) 1,900.0 (1,000-2,500) 1,500.0 (1,000.0-2,500.0) 2,000.0 (1,300.0-3,300.0) 0,06
Colloid

intraoperatively (mL) 1,000.0 (500-1,000) 1,000.0 (500.0-1,000.0) 1,000 (750-1,500) 0,10

postoperatively (mL 500 (500-875) 500 (500-1,000) 500 (500-500) 0,40
Intraoperative fluid balance (mL) 800 (175-1,420) 800 (175.0-1,292.5) 500 (150-1,500) 0.66
Need of intraoperative vasopressors (%) 32.5 23.8 75.0 0.001
Duration of postoperative mechanical ventilation (hours) 24 (12-24) 12 (12-24) 24 (24-66) 0.05

Crystalloid, 0.9% saline solution and Ringer’s lactate; Colloid, hydroxyethyl starch; PRBC — packed-red blood cells; ScvO, — central venous oxygen saturation; vaso-
pressors, catecholaminergic drugs; values in parenthesis represent median and 25%-75% percentile.

Table Il — Outcomes

Variables All patients (n = 66) ScvO, < 70% (n = 20) ScvO, > 70% (n = 46) P OR 95%Cl
Preoperative hemoglobin levels (g.dL") 11.4+1.7 105+ 1.6 11.7+£1.6 0.03 0.1-22
Intraoperative blood transfusion (%) 50.0% 80.0 37.0 0.001 6.8 1.9-23.8
Need of intraoperative vasopressors (%) 32.5 40.0 33.3 0.44 1.3 04-45

Intraoperative crystalloids (mL)

7,000.0 (4,625 - 8,875) 8,000.0 (6,500.0-9,225.0) 6,000.0 (4,500.0-8,500.0) 0.04

Intraoperative colloids (mL) 1,000.0 (500 — 1,000) 1,000.0 (625.0-1,000.0) 1,000 (500 — 1,125) 0.96
Postoperative complications (%) 54.5 75.0 45.7 0.02 3,6 1.1-11.5
Duration of ICU stay (days) 3.0 (2.0-4.0) 4.0 (2.0-5.0) 3.0 (1.7-4.0) 0.02
Length of hospitalization (days) 20.0 (12.5-27.5) 20.0 (16.0-28.0) 17.0 (11.2-2.,0) 0.39
Duration of postoperative mechanical 24 (12-24) 24 (15-24) 12 (12-24) 0.08

ventilation (hours)

Vasopressors, catecholaminergic drugs; Crystalloid, 0.9% saline solution and Ringer’s lactate; Colloid, hydroxyethyl starch solution; values in parenthesis represent

median and 25%-75% percentile.
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DISCUSSION

The findings of the present study considered that low preo-
perative ScvO, in high risk surgeries is associated with in-
hospital mortality. In multivariate analysis, only preoperative
ScvO, and intraoperative vasopressors represented indepen-
dent risk factors for in-hospital morality.

Besides, preoperative levels of ScvO, below 70% determi-
ned worse intra- and postoperative evolution. Currently, few
parameters are used in clinical practice to assess tissue hypo-
xia, such as urinary output, acid-base differences, and plasma
lactate levels; however, those parameters show that hypoper-
fusion is already installed and they can be late parameters to
guide the onset of hemodynamic resuscitation 18.

Notwithstanding, the present study showed that ScvO, is
an early parameter to identify worse evolution in surgical pa-
tients. Those results encourage studies to adopt ScvO, as a
therapeutic goal in high risk surgical patients. Based on these
data, and in agreement with other studies '3, preoperative le-
vels of ScvO, should be over 70% to 75% and levels below
70% should be avoided.

Abnormalities in venous saturation are common during and
after large surgeries and they are associated with an increa-
sed incidence of postoperative complications °2°. Reduced
ScvO, also has prognostic meaning in patients with heart
failure, trauma, and sepsis 222, Facing the extensive abnor-
mality rate that affects perioperative venous saturation, those
observations are not surprising 11319,

Thus, the present study demonstrated that intraoperative
ScvO, levels were higher than both pre- and postoperative
levels, and that only low preoperative ScvO, levels were
associated with higher mortality rate. Very few data in the
literature describes the normal value of venous saturation in
healthy patients, such the current study, in which the majori-
ty of patients were classified as ASA Il and with low APACHE
Il and POSSUM scores. Although, it is commonly estimate
in 70%, the data suggest that it can vary from 70% to 80%
in healthy individuals 12324, However, ScvO, levels can
frequently be as low as 65% in patients hospitalized before
elective surgeries 5.

In addition, the ScvO, can be reduced as a result of variables
that increase oxygen consumption or decrease systemic oxygen
delivery. The opposite increases ScvO, levels 2. Thus, variables
such as pain, stress, and hyperthermia are related to the preo-
perative period, increasing oxygen consumption. However, the
reduction in cardiac output, either by a preoperative hypovolemia
or reduction in the levels of hemoglobin, favors a reduction in
oxygen delivery 126, which explain the importance of this va-
riable in the preoperative period, especially in patients who will
undergo gastrointestinal surgeries since they need colon prepa-
ration that causes great preoperative spoliation and hypovolemia
27, corroborating the present study because the majority of the
patients underwent gastrointestinal surgeries.

On the other hand, during the surgery, hypothermia, anesthe-
sia, and increase in the fraction of inspired oxygen increase SvcO,
27 levels, making this parameter poorly reliable and confounding
as a prognostic marker. Postoperatively, patients were reanima-
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ted in the intraoperative period, leading to a systemic rearrange-
ment, which makes it difficult to observe low SvcO, levels.

Two studies with non-cardiac surgery patients evaluated the
role of SvcO, with supplementary findings. In the first observatio-
nal study '3 with 117 patients, lower early postoperative levels of
SvcO, associated with subsequent complications was the best
independent lower cutting point of SvcO,, of 64.4%. A considera-
ble reduction in SvcO, within the first postoperative hour, possi-
bly as a consequence of the increase oxygen consumption after
the end of general anesthesia in patients who were not properly
reanimated in the intraoperative period, was observed. In ano-
ther observational multicenter study ' with 60 patients, mean
SvcO, levels were reduced in several perioperative moments in
patients who developed complications. The best cutting point in
this study for mean SvcO, levels was 73%.

Those investigations provide strong evidence to support
the role of SvcO, as a therapeutic goal. However, those fin-
dings do not reveal how venous saturation should be used as
a therapeutic goal and they did not achieve enough statistical
power for a reduction of mortality.

Thus, emphasizing an early risk factor for low oxygen delivery
evaluated by perioperative levels of SvcO, is important, since
changes in clinical management can be executed to avoid unfa-
vorable evolution in this population. Several clinical studies have
documented that early aggressive resuscitation with defined pro-
tocols improves patient outcomes 2230, Those studies adopted
therapeutic strategies to increase cardiac function and maintain
organ perfusion, resulting in a reduction in the length of stay in
the ICU, faster recovery of gastrointestinal function, and reduc-
tion of mortality in high risk surgical patients 3'. Thus, low SvcO,
could help to identify those patients who need intraoperative op-
timization, and some specific pre- or intraoperative measures to
guarantee an increase in blood flow could benefit them postope-
ratively and improve their prognosis.

Interestingly, arterial lactate did not show the same preopera-
tive performance when compare to SvcO, levels. Serum lactate
has been classically accepted as an indicator of anaerobic meta-
bolisms and tissue hypoxia, but it should be emphasized that, in
normal conditions, the liver is capable of increasing lactate me-
tabolism so, in situations in which hypoxia and anaerobic meta-
bolism are present, a delay of a few hours is observed between
the onset of the phenomena and detection of elevated concen-
trations of lactate in the blood, justifying the fact that lactate might
not be such an early predictive factor as the SvcO, 2.

However, one should consider that in clinical practice it
might not be convenient to measure SvcO, intermittently by
collecting blood samples, since certain mistakes can occur as
a result of a contaminated sample, delay in measurements,
and sample collected from an inappropriate site 33. Besides,
it is important to notice that the present study focused on a
small population, and larger studies are necessary to better
evaluate whether those results are applicable.

Patients undergoing large surgeries with low preoperative
SvcO, levels evolved with worse prognosis in the intra- and
postoperative periods. Thus, this marker is important to stra-
tify the risk and suggest a therapeutic routine to be adopted
preoperatively.
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Resumen: Silva Junior JM, Oliveira AMRR, Morais SZ, Araujo LS,
Victoria LGF, Marubayashi LY — Influencia de la Saturacion Venosa
Central de Oxigeno en la Mortalidad Hospitalaria de Pacientes Qui-
rargicos.

Justificativa y objetivos: La saturacién venosa central de oxigeno
(SvcO,) baja indica un desequilibrio entre la oferta y el consumo de
oxigeno celular y como consecuencia, un peor prondstico para los
pacientes graves. Sin embargo, todavia no esta claro cual es el valor
de ese marcador en pacientes quirdrgicos. El objetivo de este estudio
fue evaluar si la SvcO, baja en el perioperatorio determina un peor
pronostico.

Método: Estudio observacional durante 6 meses, realizado en un ter-
cer hospital. Fueron incluidos pacientes que necesitasen postopera-
torio en cuidados intensivos (UCI), con edad > 18 afos, sometidos a
cirugias de gran porte. Los pacientes con cirugias paliativas y pacien-
tes con insuficiencia cardiaca grave quedaron fuera del estudio. Los
valores de SvcO, se midieron antes de la cirugia, durante el procedi-
miento y después de la operacion en la UCI.

Resultados: Se incluyeron 66 pacientes de los cuales un 25,8%
no sobrevivieron. Los valores promedios de SvcO2 de los pacien-
tes fueron mayores en el intraoperatorio, 84,7 + 8,3%, que en el
preoperatorio y UCI, respectivamente 74,1 + 7,6% y 76,0 + 10,5%
(p = 0,0001). Sin embargo, solamente los valores de SvcO, en el
preoperatorio de los pacientes no sobrevivientes fueron significa-
tivamente mas bajos que los sobrevivientes. La regresion logistica
SvcO2 preoperatoria, OR = 0,85 (IC 95% 0,74-0,98) (p = 0,02), fue
un factor independiente de mortalidad hospitalaria. Los pacientes
con SvcO, < 70% en el preoperatorio, presentaron una mayor nece-
sidad de transfusion sanguinea (80,0% versus 37,0% p = 0,001) y
reposicion volémica en el intraoperatorio 8000,0 (6500,0 — 9225,0)
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