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Background. Reduction in oxygen delivery can lead to
organ dysfunction and death by cellular hypoxia, detect-
able by progressive (mixed) venous oxyhemoglobin de-
saturation until extraction is limited at the anaerobic
threshold. We sought to determine the critical level of
venous oxygen saturation to maintain aerobic metabo-
lism in neonates after the Norwood procedure (NP) for
the hypoplastic left heart syndrome (HLHS).

Methods. A prospective perioperative database was
maintained for demographic, hemodynamic, and labora-
tory data. Invasive arterial and atrial pressures, arterial
saturation, oximetric superior vena cava (SVC) satura-
tion, and end-tidal CO2 were continuously recorded and
logged hourly for the first 48 postoperative hours. Arte-
rial and venous blood gases and cooximetry were ob-
tained at clinically appropriate intervals. SVC saturation
was used as an approximation of mixed venous satura-
tion (SvO2). A standard base excess (BE) less than
24 mEq/L (BElo), or a change exceeding 22 mEq/L/h
(DBElo), were used as indicators of anaerobic metabo-

lism. The relationship between SvO2 and BE was tested
by analysis of variance and covariance for repeated
measures; the binomial risk of BElo or DBElo at SvO2

strata was tested by the likelihood ratio test and logistic
regression, with cutoff at p < 0.05.

Results. Complete data were available in 48 of 51
consecutive patients undergoing NP yielding 2,074 valid
separate determinations. BE was strongly related to SvO2

(model R2 5 0.40, p < 0.0001) with minimal change after
adjustment for physiologic covariates. The risk of anaer-
obic metabolism was 4.8% overall, but rose to 29% when
SvO2 was 30% or below (p < 0.0001). Survival was 100%
at 1 week and 94% at hospital discharge.

Conclusions. Analysis of acid-base changes revealed an
apparent anaerobic threshold when SvO2 fell below 30%.
Clinical management to maintain SvO2 above this
threshold yielded low mortality.

(Ann Thorac Surg 2000;70:1515–21)
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Perioperative management of neonates after surgical
repair of congenital cardiac defects is directed at

optimization of oxygen delivery to maintain end-organ
function and promote wound healing. Increased meta-
bolic demands related to extent of surgery and compro-
mised cardiorespiratory function increase the risk of
perioperative morbidity and mortality. Patients with hy-
poplastic left heart syndrome (HLHS) have high periop-
erative risk because of the intersection of those risk
factors. These patients historically have high rates of
cardiogenic shock, impaired oxygen delivery, end-organ
dysfunction, and death, even after palliation of their
circulatory defect by the Norwood procedure (NP) [1, 2].
Examination of oxygen transport and metabolism in this
patient population is thus likely to reveal examples of

both oxygen supply-independent (aerobic) and oxygen
supply-dependent (anaerobic) metabolism. Because our
perioperative management strategy uses continuous ar-
terial (SaO2) and venous (SvO2) oximetry to assess circu-
latory physiology [3, 4], we sought to determine the SvO2

threshold for anaerobic metabolism in this high-risk
patient population.

Material and Methods

Patient Population and Management Strategy
Patients undergoing the NP for single-ventricle defects
were eligible for inclusion in this study. After appropriate
preoperative stabilization, all patients underwent surgi-
cal palliation consisting of relief of arch obstruction,
anastomosis of the pulmonary artery to the ascending
aorta combined with augmentation of the ascending
aorta, transverse arch and proximal descending aorta
with pulmonary homograft, placement of a systemic to
pulmonary artery shunt, and creation of a nonrestrictive
atrial septal defect [4]. This procedure was performed
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using synthetic opioid-based perioperative anesthesia
[5], hypothermic cardiopulmonary bypass (CPB) with
pH-stat blood gas management to facilitate cooling to a
temperature of 26°C, alpha-stat management before and
after circulatory arrest at 16°C to 18°C, and modified
ultrafiltration. Phenoxybenzamine 0.25 mg/kg was ad-
ministered to 43 of 51 infants upon initiation of cardio-
pulmonary bypass (CPB) according to a protocol with
Food and Drug Administration and Internal Review
Board approval and parental informed consent. During
rewarming, all patients received milrinone 50 mg/kg
followed by infusions of milrinone at 0.5 mg/kg/min and
dopamine at 3 mg/kg/min. Oximetric catheters (4F Oxy-
Cath; Abbott Laboratories, North Chicago, IL) were
placed in the superior vena cava (SVC) to allow contin-
uous monitoring of SvO2. Before separation from CPB,
infusions of nitroprusside or norepinephrine were ti-
trated to achieve an approximate systemic vascular resis-
tance (SVR) of 12 Wood Units (mean arterial pressure of
40 mm Hg at CPB flow index of 3.2 L/m2/min), and
epinephrine was added for additional inotropic support
if necessary. Patients were transported to the pediatric
intensive care unit (ICU) after hemostasis for postopera-
tive management, which included delayed sternal
closure.

Postoperative management targets included mean ar-
terial blood pressure (MABP) greater than 45 mm Hg,
SvO2 greater than 50%, SaO2 70% to 80%, and clinical
evidence of end-organ function. All patients received
continuous fentanyl infusions at 5 to 10 mg/kg/h, and
neuromuscular blockade was maintained by vecuronium
infusion until postoperative day 1. Patients were main-
tained at normothermia in servo-controlled infant warm-
ers (Ohio Infant Warmer System; Ohmeda Inc, Colum-
bia, MD). Ventilator settings were adjusted to maintain
arterial normocapnia (PaCO2 35 to 45 torr) with the
lowest FiO2 that did not reduce SaO2 or SvO2. Pulmo-
nary-to-systemic flow ratio (Qp/Qs) was calculated from
SaO2 and SvO2 using an assumed pulmonary capillary
saturation of 97% [1, 3, 4]. Low SvO2 with high Qp/Qs
was addressed by attempts to lower SVR with additional
analgesia or sedation, nitroprusside, or initiation of phe-
noxybenzamine infusion. Low SvO2 with balanced
Qp/Qs was addressed by transfusion of red cells to
achieve a hematocrit in the 45% to 50% range, and
increased inotropic support when necessary.

Arterial blood gases were obtained hourly for the first
4 postoperative hours, and then at intervals dependent
upon patient condition. The standard base excess, calcu-
lated without temperature correction, was used to iden-
tify metabolic acidosis. Persistent or worsening metabolic
acidosis not explainable by electrolyte abnormalities was
interpreted as evidence of systemic hypoperfusion [6],
and interventions to increase systemic oxygen delivery
were initiated. Treatment with buffer (NaHCO3 1 mEq/
kg) was reserved for worsening metabolic acidosis after
interventions to optimize circulation, and was adminis-
tered in 11 instances. Circulatory support with extracor-
poreal membrane oxygenation (ECMO) was initiated in 1

patient with persistent metabolic acidosis and profound
venous desaturation at the seventh postoperative hour.

Monitoring and Data Collection
A prospective perioperative database for all patients
undergoing the Norwood repair of HLHS since July 1996
was maintained for demographic, surgical, and 48-hour
postoperative hemodynamic and laboratory data. Physi-
ologic parameters included invasive arterial (MABP) and
atrial pressures (RAP), arterial saturation (N-200; Nellcor,
Haywood, CA), inspired oxygen and end-tidal carbon
dioxide tension, and SvO2 as an approximation of mixed
venous saturation [7, 8]. These parameters were contin-
uously displayed, digitally acquired, and averaged using
either a dedicated PC-based monitoring cart (DAP-102;
Microstar Labs, Belleview, WA; and DasyLab; DasyTec
GmBH, Concord, NH) or a multichannel clinical infor-
mation system (Solar 3000; Marquette Electronics, Mil-
waukee, WI). Arterial and venous blood gases and
cooximetry (ABL; Radiometer, Copenhagen, Denmark)
were obtained at clinically appropriate intervals. The
physiologic parameters, laboratory data, ventilator pa-
rameters, and medication infusion rates were recorded
hourly for the first 48 postoperative hours using a stan-
dardized, prospective format.

From measurements of SaO2, SvO2, MABP, RAP, and
hemoglobin concentration, hemodynamic and oxygen
transport indices were derived according to standard
formulae, assuming pulmonary capillary saturation of
97% and oxygen consumption of 160 mL/min/m2 [1, 3, 4,
9]. These derived parameters included arteriovenous O2

difference in saturation (DSa-vO2) and content (DCa-
vO2), oxygen extraction ratio (O2ER), pulmonary blood
flow (Qp), systemic blood flow (Qs), pulmonary/systemic
flow ratio (Qp/Qs), systemic vascular resistance index
(SVRI), and total pulmonary vascular resistance index
(PVRI).

Statistical Analysis
Data were summarized as mean 6 standard deviation
(SD) when continuous, or number and percent when
discrete, unless otherwise specified. Blood gas data were
subjected to linear interpolation between determina-
tions, and excluded from analysis if coincident with
buffer administration. Oximetric data were excluded
when the arterial venous saturation difference was less
than 8%, or during ECMO support. Anaerobic conditions
were defined by a standard base excess (BE) less than
24 mEq/L (BElo), or a change exceeding 22 mEq/L/h
(DBElo) [6, 10–12]. Differences in physiologic data be-
tween anaerobic and aerobic conditions were tested by
one-way analysis of variance (ANOVA), and z scores for
these statistics at anaerobic conditions were computed.
After creation of equal-width strata from continuous
variables, relationships were tested by quantile (median)
regression, categorical ANOVA with post-hoc contrasts
by the Tukey WSD method, and the likelihood ratio test
for proportions. Anaerobic risk across the range of SvO2

was predicted by logistic regression. Risk estimates were
calculated with and without adjustment for covariates
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that had univariate relation to anaerobic indicators. All
statistical calculations were performed with correction
for repeated measures, and with significance cutoff at p ,
0.05 after correction for multiple comparisons, using a
standard statistical package (Stata Statistical Software,
Release 6; StataCorp, College Station, TX).

Results

Data from 51 consecutive patients undergoing the NP
were available for analysis. Patient characteristics are
summarized in Table 1. Of these patients, 48 had func-
tioning oximetric catheters upon ICU admission, and
catheter faults occurred in 45 of 2,304 (1.95%) hours of
monitoring. The SvO2 was below the target of 50% for 643
of 2,259 (28%) monitored hours; the hourly risk of low
SvO2 was 38% during postoperative hours 1 to 24, and
19% during hours 25 to 48. These periods of physiologic
vulnerability were successfully managed by medical in-
tervention in all but 1 patient whose progressive venous
desaturation and metabolic acidosis prompted initiation
of ECMO support at postoperative hour 7. Survival was
100% at 1 week and 94% to hospital discharge.

Data from 1,038 blood gases were interpolated to 2,118
hourly values. Excluded were hourly data from 11 in-
stances of buffer administration, 44 hours of ECMO
support, and 131 instances of low arteriovenous satura-
tion difference, yielding 2,074 hourly sets of data for
analysis. The prospectively chosen base excess threshold
of 24 mEq/L (BElo) corresponded to 1.96 SD below the
mean BE (z 5 21.96), and was present for 85 patient
hours (4.0% of time). The threshold change in base excess
(DBE) of ,22 mEq/L/h (DBElo) corresponded to 2.56 SD
below the mean DBE of 0.10 6 0.82 mEq/L/h, and was
present in 34 patient hours (1.6% of time). Either indica-
tor of anaerobic conditions was detected for 102 patient
hours or 4.8% of time overall, 9.1% of time during hours
1 to 24, and 0.5% of time during hours 25 to 48. Anaerobic
indicators were present for 9.3% of time with SvO2 below
50%, and 2.8% of time with SvO2 at or above 50%, for an

adjusted odds ratio of 3.33 (p , 0.001 by likelihood ratio
test).

A summary of hemodynamic, respiratory, acid-base,
and support modalities appears in Table 2. Physiologic
parameters with greater changes at anaerobic conditions
are indicated by high z scores and significance tests by
ANOVA. No significant differences in SaO2, SVRI, PVRI,
PaO2, or PaCO2 occurred with anaerobic conditions. The
highest anaerobic z score (20.71) occurred for SvO2.

Hemodynamic and oxygen delivery indices at intervals
of BE are summarized in Table 3. Although all indices of
oxygen supply/demand relationship were related to met-
abolic acid-base status, none was more strongly related
to BE than SvO2, with an unadjusted interval correlation
coefficient of 0.30. SvO2 had the highest z-score (20.73) of
the cardiorespiratory indices at BElo. Figure 1 illustrates
the mean SvO2 by strata of BE. There was a clear
relationship between the acid-base status and SvO2 (p ,
0.0001 by test for trend), with identifiable clusters of SvO2

when BE was significantly negative, normal, or positive.
The risk of anaerobic conditions at different strata of

SvO2 is shown in Table 4, with and without adjustment
for differences in age, cardiopulmonary bypass time,
postoperative hour, and blood pressure. With SvO2 be-
low 30%, the anaerobic risk rose from a baseline 4.8% to
29.4% for an adjusted odds ratio of 8.0 (p , 0.0001 by
likelihood ratio test; Fig 2). Prediction of anaerobic con-
ditions by logistic regression also revealed sharply in-
creased risk as SvO2 approached 30% (Fig 3). This effect
was maintained when systemic oxygen status was ex-
pressed as O2ER, revealing a sharp increase in anaerobic
risk when extraction exceeded 60% ( p , 0.0001 by
likelihood ratio test). Neither MABP nor SaO2 showed a
significant relationship to anaerobic indicators (p 5 NS).

Comment

In this cross-sectional observational study, the relation-
ship between SvO2 and metabolic status was not deter-
mined for each patient, but rather by pooling observa-
tions from multiple patients at different times. Although
the statistical methods included allowances for individ-
ual patient differences and for changes with time, some
assumption of the homogeneity of subjects is required.
For patients in this study, surgical and perioperative
management strategies were standardized, and anaero-
bic conditions, as defined, were found in 17 of 48 patients
and 102 of 2,047 hours.

The concept of anaerobic threshold implies alteration
of cellular metabolism from oxygen supply limitation,
usually associated with metabolic acidosis and increased
lactate production [13, 14]. Although we did not routinely
measure lactate in this study, the appearance of lactate,
pyruvate, or other strong acids as products of anaerobic
metabolism will reduce the base excess stoichiometri-
cally [6, 10, 11, 15]. The fall in BE may exceed the rise in
lactate because of the production of other anions under
anaerobic conditions [6, 12]. Similarly, the BE may fall
during splanchnic hypoperfusion from the failure of
hepatic and renal clearance of anions [16] which are

Table 1. Patient Demographics

Variable
(n 5 51)

Mean 6 SD,
or Count (%) Range 95% CI

Age (days) 7.6 6 7.8 2–42 5.4–9.8
Weight (kg) 3.22 6 0.58 1.7–4.6 3.05–3.38
Aortic atresia 28 (55%) (41–69%)
Preoperative ventilation 37 (73%) (58–84%)
Phenoxybenzamine 43 (85%) (71–93%)
Normalized shunt size

(mm2/kg)
3.53 6 0.54 2.5–4.9 3.39–3.68

CPB time (min) 130 6 57 78–322 114–147
Death

Early 3 (6%) (1.2–16%)
Late 9 (18%) (8–31%)

Data for all infants undergoing Norwood procedure from July 1996 to
October 1999.

CPB 5 cardiopulmonary bypass.
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substrates for intermediary metabolism without in-
creased production of lactate. Conversely, in experimen-
tal cardiogenic shock, the rise in lactate in venous blood
may indicate reperfusion after critical hypoperfusion [17,
18]. Thus, the presence or development of a significant
metabolic acidosis (BElo or DBElo) in a patient popula-
tion with an overall increasing metabolic alkalosis (mean
BE 3.8 mEq/L; mean DBE 1 0.1 mEq/L/h) will indicate a
significantly altered metabolic state as a result of critical
organ hypoperfusion.

Some physiologic variables included in this analysis

have been derived using assumptions that must be
emphasized. In this patient population, no single blood
sample can represent mixed venous blood. Although
inferior vena cava sampling should be more sensitive to
splanchnic hypoperfusion [19], repeated measurements
are more variable because of blood streaming. Assumed
values for VO2 and pulmonary venous saturation may
characterize the study population more accurately than
individuals within it. Despite these limitations, these
parameters are commonly used to characterize pulmo-
nary and systemic hemodynamics [1–3, 7, 8, 20, 21].

Table 2. Summary of Physiologic Data

Variable n Mean 6 SD Range COV
Y

(anaerobic)
Z

(anaerobic)

Heart rate 2,118 171 6 18 124–219 10% 177b 0.47
Arterial pressure, mm Hg 2,118 52.1 6 5.8 32–80 11% 48.8a 20.57
Atrial pressure, mm Hg 2,111 10.5 6 2.8 3–32 27% 12.2b 0.61
SaO2, % 2,118 77.1 6 5.4 57–93 7% 75.6 20.28
SvO2, % 2,074 54.2 6 10.1 10–76 19% 47.0b 20.71
DCa-vO2, mL/dL 2,074 4.6 6 1.9 1.47–14.7 41% 5.8b 0.63
DSa-vO2, % 2,074 22.6 6 8.9 9–57 39% 28.2b 0.64
O2ER 2,074 0.30 6 0.12 0.11–0.84 40% 0.38b 0.67
Qp/Qs 2,074 1.23 6 0.76 0.26–11.2 62% 1.39 0.21
Qs, L/min/m2 2,074 4.1 6 1.7 1.1–10.8 41% 3.18b 20.60
Qp, L/min/m2 2,074 4.2 6 1.4 2.0–19.3 33% 3.96 20.17
SVRI, Wood Units 2,067 12.0 6 5.9 2.85–56.2 49% 13.2 0.20
PVRI, Wood Units 2,067 10.5 6 3.0 1.81–26.7 29% 10.0 20.17
Hgb, gm/dL 2,118 15.2 6 1.7 10–20 11% 15.3 0.06
PaO2, torr 2,118 38.8 6 6.0 13–60 15% 38.7 20.02
PaCO2, torr 2,118 41.3 6 6.9 21–81 17% 40.4 20.13
pH 2,065 7.44 6 0.07 7.20–7.64 1% 7.33b 21.57
BE, mEq/L 2,118 3.3 6 3.8 212–13.7 115% 24.47b 22.04
FiO2 2,113 0.34 6 0.13 0.21–1.0 38% 0.47b 21.00
MIL, mg/kg/min 2,118 0.60 6 0.25 0–1 42% 0.55 20.20
DA, mg/kg/min 2,118 3.5 6 1.8 0–15 51% 4.1a 0.33
EPI, mg/kg/min 2,118 0.09 6 0.09 0–0.7 100% 0.19b 1.11
SNP, mg/kg/min 2,118 0.45 6 0.86 0–5 191% 0.41 20.05
NE, mg/kg/min 2,118 0.05 6 0.09 0–1 180% 0.13 0.88

Data shown are for all patients over first 48 hours. Key for difference between Y(anaerobic) and Z(aerobic) by ANOVA with Bonferroni correction for
multiple independent comparisons: a p , 0.01; b p , 0.001.

COV 5 coefficient of variation (SD 6 mean); Y(anaerobic) 5 mean value under anaerobic conditions; Z(anaerobic) 5 z score for Y(anaerobic).

Table 3. Oxygen Delivery Indices by BE Strata

BE n SvO2 SaO2 DSa-vO2 DCa-vO2 O2ER MABP Qp/Qs

,24 87 46.8 6 12.1 75.4 6 5.8 28.5 6 9.7 5.8 6 1.9 0.38 6 0.14 47.7 6 5.5 1.39 6 0.56
24–22 132 49.3 6 11.0 75.2 6 5.4 25.9 6 8.4 5.3 6 1.6 0.35 6 0.12 49.3 6 6.0 1.25 6 0.49
22–0 189 51.4 6 10.6 76.1 6 5.5 24.6 6 8.8 5.1 6 1.7 0.33 6 0.12 50.0 6 5.5 1.25 6 0.57
0–12 303 50.5 6 11.1 76.1 6 5.8 25.1 6 9.7 5.1 6 2.0 0.33 6 0.13 50.1 6 5.3 1.29 6 0.99
12–14 398 54.9 6 9.5 77.6 6 5.3 22.6 6 8.7 4.6 6 1.9 0.30 6 0.11 51.8 6 5.3 1.30 6 0.94
.14 1,009 56.9 6 8.4 77.7 6 5.1 20.7 6 8.3 4.2 6 1.9 0.27 6 0.10 53.7 6 5.6 1.18 6 0.73
z (BElo) 20.73 20.31 0.66 0.63 0.67 0.70 0.22
r (BE) 0.30 0.16 20.24 20.23 20.28 0.30 20.06

Data are mean 6 SD. Differences between values at different BE strata were tested by one-way ANOVA. Significant differences between BE strata for
each parameter are indicated by horizontal dashed lines ( p , 0.05 by Tukey WSD multiple comparison posttests). Only SvO2 is significantly different
at BE,24 mEq/L. z (Belo) 5 z score for each parameter when BE,24. r (BE) 5 unadjusted quantile regression coefficient for each parameter vs BE. Both
z scores and regression coefficients are highest for the BE-SvO2 relationship.
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Direct treatment of metabolic acidosis with buffer,
although infrequent, was more likely to occur in patients
with acidibase abnormalities that would fit our definition
of anaerobic conditions. The relationship between SvO2

and anaerobic indicators was actually stronger without
exclusion of these data points, because our correction of
metabolic acidosis was rarely complete. However, we
chose to exclude them because such treatment altered
the relationship under study.

SvO2 monitoring can reveal deterioration in oxygen
transport and guide treatment before supply–dependent
conditions develop [14]. Other investigations have re-
vealed an apparent anaerobic threshold at a SvO2 of
15% to 25% in neonatal piglets subject to hypoxic hyp-
oxia, and higher in anemic hypoxia [10, 22–24]. The
relationship between oxygen transport and utilization
is probably less predictable in distributive shock [25],
and 2 patients in our series did have persistent biochem-
ical evidence of anaerobic metabolism at high SvO2, but
maldistribution is not the predominant pathophysiologic
mechanism in the early postoperative course in this
patient population. Examination of Table 2 reveals that

the predominant hemodynamic abnormality in our pa-
tients was low total cardiac output (more precisely, low
oxygen supply/demand relationship) with relatively bal-
anced Qp/Qs. SvO2 monitoring can reveal changes in
oxygen supply/demand relationships even under sup-
ply-dependent conditions [24], and our data support its
use in prediction of pathologic cellular oxygen status in
this patient population.

Low SvO2 can predict poor outcome of patients after
myocardial infarction [26], adult cardiac surgery [27], and
NP for HLHS [1]. Interventions to increase low SvO2 can
improve outcome [4, 28, 29]. Knowledge of an approxi-
mate value for critical SvO2 can guide thresholds for
intervention that target either SvO2 itself or derived
parameters such as available oxygen [20, 21] before
pathologic oxygen supply conditions develop.

Our management target of SvO2 greater than 50%
yielded low mortality and revealed a period of physio-
logic risk in the first 24 postoperative hours for both low
SvO2 and biochemical indication of anaerobic metabo-
lism. The adjusted odds ratio for anaerobic metabolism
was 8.0 for SvO2 less than 30% compared with higher
SvO2. Because this threshold was not apparent by exam-

Fig 1. SvO2 at BE strata. The strong positive relationship between
SvO2 and BE, as mean and 95% CI for SvO2 by strata of standard
base excess. Relationship is indicated by test for trend (p , 0.001).
Clusters are evident with significant differences, indicated by hori-
zontal lines, at SvO2 , 50%, SvO2 50% to 54%, and SvO2 . 54%
(adjusted model R2 5 0.30, p , 0.001).

Fig 2. Anaerobic Risk by SvO2 strata. The risk of anaerobic condi-
tions at different SvO2, expressed as binomial risk and 95% CI of
anaerobic indicators versus strata of SvO2. The overall anaerobic
risk of 4.8% is indicated by the horizontal line. The risk increases
sharply and significantly at SvO2 , 30% (*p , 0.0001 by likeli-
hood ratio test; model adjusted R2 5 0.40, p , 0.0001).

Table 4. Anaerobic Risk at SvO2 Strata

SvO2 n
BE

(mean)
BElo

(risk)c
DBElo
(risk)b

Anaerobic Risk
Unadjustedc

Anaerobic Risk
Adjustedc

, 30% 42 20.82 6 0.71 0.238 6 0.36 0.071 6 0.60 0.262 6 0.35 0.294 6 0.39
31–40% 154 1.82 6 0.28 0.039 6 0.42 0.019 6 0.58 0.052 6 0.36 0.048 6 0.38
41–50% 469 2.11 6 0.18 0.075 6 0.18 0.021 6 0.32 0.092 6 0.16 0.063 6 0.19
51–60% 828 3.91 6 0.13 0.023 6 0.23 0.026 6 0.28 0.034 6 0.19 0.024 6 0.21
. 60% 581 4.15 6 0.12 0.015 6 0.34 0.002 6 1.00 0.017 6 0.32 0.014 6 0.33

Table shows relationship of BE, BElo, and DBelo to SvO2. Anaerobic risk is the risk of either Belo or DBelo, before and after adjustment for age,
cardiopulmonary bypass time, MABP, and postoperative hour. Data are 6 SEM. Differences across SvO2 strata were tested by ANOVA for BE, and
likehood-ratio test for others. The risk of each indicator of anaerobic metabolism was significantly related to SvO2: a p , 0.01; b p , 0.001;
c p , 0.0001. Significant differences between SvO2 strata for each parameter are indicated by horizontal dashed lines (p , 0.05 by Tukey WSD multiple
comparison posttests). All indicators of anaerobic metabolism were significantly higher at SvO2 , 30%.
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ination of the relationship of SaO2 or MABP to anaerobic
indicators, we have concluded that SvO2 monitoring is
essential to guide management strategies that avoid the
risk of cellular hypoxia and resultant mortality after the
NP for HLHS.
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