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• NIRS = near infrared spectroscopy  
 
• SPIR = spectroscopie dans le proche infra-rouge 
 
• La spectroscopie proche IR est une spectroscopie d�absorption dont le 
principe repose sur l�absorption du rayonnement proche IR par la matière 
organique. 

• Largement utilisée dans l’industrie agro-alimentaire, chimique, plastique, 
carburants… 

• En clinique: Permet de quantifier l’oygénation tissulaire :  

• Technique appliquée en médecine Jobsis FF Science. 1977 Dec 

Introduction 



Domaine de longueur d’onde du 
proche infrarouge  

longueurs d’onde du proche infra rouge 





NIRS cérébrale et rénale 



Interpretation clinique 
rSO2: what is it? 

rSO2: reflet de l’oxygenation 
tissulaire de sang veineux et artériel 
 
“SVO2 d’organe” 
 
Principe de FICK completement 
applicable 
 
SVO2=SaO2 - VO2/Qc x 1.34 x Hb 



D�après G Hoffman ARTECC 2008 



Enjeux neurologiques 

12 à 27% de complications neuro à 1 an 



NIRS et neuromonitoring 

2005 



Prolonged low rSO2 values (180 minutes with rSO2 45%) were 
associated with the presence of lesions on postoperative MRI. 



As no patient in this study died or developed clinical seizures, stroke, 
or choreoathetosis, the relationship between intraoperative NIRS 
variables and early clinical neurologic outcome could not be 
determined. 



NIRS et CEC 





Positionnement des canules 





Obstruction de la VCS 



Canulation périphérique 

11 patients 

Chirurgie coronaire assistée par robot 

CEC périphérique : canulation veineuse et artérielle périphérique fémorale 







rSo2 c et CEC en normothermie  



rSo2 c et CEC en hypothermie 
modérée 



rSo2c et CEC en hypothermie 
profonde et PCS 



rSo2 c et ACHP  



NIRS et Coarctation 





NIRS abdominale et rénale 



NIRS et switch/CEC 
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rSO2 rénale et fonction rénale en chirurgie 
cardiaque 
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rSo2 <50% 2h 



Relation SvO2 - 2 sites NIRS 
•  Précision acceptable en clinique - stable sur la durée 
•  Hoffman GM, Stuth EA, Berens RJ, et al: Two-site near-infrared transcutaneous oximetry as a non-

invasive indicator of mixed venous oxygen saturation in cardiac neonates. Anesthesiology 
97:A-1393, 2003 
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Algorithme décisionnel 





Reversal of Decreases in Cerebral Saturation in High-Risk Cardiac Surgery

Alain Deschamps, PhD, MD,* Jean Lambert, PhD,† Pierre Couture, MD,* Antoine Rochon, MD,*
Jean-Sébastien Lebon, MD,* Christian Ayoub, MD,* Jennifer Cogan, MD,* and André Denault, MD, PhD*

Objectives: To measure the incidence of cerebral desat-
uration during high-risk cardiac surgery and to evaluate
strategies to reverse cerebral desaturation.

Design: Prospective observational study followed by a
randomized controlled study with 1 intervention group and
1 control group.

Setting: Tertiary care center specialized in cardiac surgery.
Participants: All patients were scheduled for high-risk

cardiac surgery, 279 consecutive patients in the prospective
study and 48 patients in the randomized study.

Interventions: An algorithmic approach of strategies to
reverse cerebral desaturation. In the control group, no
attempts were made to reverse cerebral desaturation.

Measurements and Main Results: Cerebral saturation was
measured using near-infrared reflectance spectroscopy. A
decrease of 20% from baseline for 15 seconds defined cerebral
desaturation. The success or failure of the interventions was
noted. Demographic data were collected. Models for predict-
ing the probability and the reversal of cerebral desaturation

were based on multiple logistic regressions. In the rando-
mized study, 12 hours of measurements were continued in
the intensive care unit without interventions. Differences in
desaturation load (% desaturation ! time) were compared
between groups. Half of the high-risk patients had cerebral
desaturation that could be reversed 88% of the time. Inter-
ventions resulted in smaller desaturation loads in the operat-
ing room and in the intensive care unit.

Conclusions: Cerebral desaturation in high-risk cardiac
surgery is frequent but can be reversed most of the time
resulting in a smaller desaturation load. A large randomized
study will be needed to measure the impact of reversing
cerebral desaturation on patient’s outcome.
& 2013 Elsevier Inc. All rights reserved.

KEY WORDS: NIRS, near-infrared spectroscopy, cardiac
surgery, high-risk patients, algorithm, prospective study,
randomized study, cerebral oxygen saturation, cerebral
desaturation, intervention to reverse cerebral desaturation

OVER THE LAST DECADE, near-infrared reflectance
spectroscopy (NIRS) has been used increasingly as a

noninvasive device to monitor regional saturation and blood flow
in the cerebral frontal region during cardiac surgery. Originally
developed as a neurologic monitor,1,2 decreases in NIRS values
have been used to detect catastrophic cerebral events when more
invasive monitors remain silent.1,3 Also, NIRS has been useful in
detecting patients at risk of early cognitive decline after cardiac
surgery.4-6

Given this evidence, clinicians would expect the use of NIRS
technology to be prevalent in cardiac surgery patients. However,
this is not necessarily the case, as NIRS often is regarded as a
‘‘doom-and-gloom’’ monitor, the one that tells anesthesiologists
that something is wrong with the patient but for which little can be
done. In an attempt to use NIRS as an intervention monitor, a few
randomized studies have used strategies to reverse decreases in
values of regional cortical oxygen saturation (rSO2) and to measure
its effect on outcome. In major abdominal surgery, reversing
decreases in rSO2 values is associated with better postoperative
Mini-Mental State Examination scores, in shorter lengths-of-stay in
the postanesthesia care unit and in the hospital.7 In cardiac surgery,
reversing decreases in rSO2 values is associated with a lower risk

of major organ dysfunction.8 However, others have failed to follow
specific strategies to reverse cerebral desaturation during their
study.4 Thus, evidence that significant decreases in rSO2 values
successfully can be reversed during cardiac surgery remains scarce.

To consolidate a strategic approach for the reversal of
decreases in rSO2 values, a clinical algorithm based on 10 years
of experience with NIRS technology in cardiac surgery was
proposed.3 Using this algorithm, the authors hypothesized that
the majority of decreases in rSO2 values during cardiac surgery
can be reversed and that this reversal will reduce the total
desaturation load (calculated area of depth of desaturation over
time) of patients. This measure consistently has been associated
with a bad outcome.1 Therefore, the goal of the present study
was 2-fold. First, the authors prospectively tested the efficacy
of the algorithm to reverse decreases in rSO2 values in
consecutive patients undergoing high-risk cardiac surgery.
Second, in a pilot study, the authors randomized patients to
an intervention (INTERV) group and a control (CONT) group
(no intervention) to verify that the interventions actually
resulted in a reduction of the desaturation load during the
course of surgery and in the intensive care unit (ICU).

METHODS

Subjects and Data Collection

Prospective Study

Institutional Ethics approval was obtained for the prospective part
of the study. Consecutive patients requiring complex cardiac surgery
with cardiopulmonary bypass (CPB) were included in the study
regardless of comorbidities. High-risk surgery was defined as redo
surgery, adult congenital surgery, thoracic aortic surgery with and
without circulatory arrest, and combined procedures surgery. Combined
surgery included coronary artery bypass graft (CABG) and valvular
surgery or multiple valvular surgery or valvular and aortic surgery.
Patients with a perioperative risk estimation score 415 using the
Parsonnet score9 also were included in the study regardless of the
surgery intended. Exclusion criteria included patients under the age of
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dation of the Montreal Heart Institute.

Address reprint requests to Alain Deschamps, PhD, MD, Department of
Anesthesiology, Montreal Heart Institute, Université de Montréal, 5000
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Perioperative cerebral oxygen saturation in neonates with hypoplastic
left heart syndrome and childhood neurodevelopmental outcome

George M. Hoffman, MD,a,b Cheryl L. Brosig, PhD,a,b,c Kathleen A. Mussatto, BSN, PhD,a,c,d

James S. Tweddell, MD,a,b,c and Nancy S. Ghanayem, MDa,b

Objectives: Neonates with hypoplastic left heart syndrome have significant hemodynamic threats to cerebral
perfusion and are at risk of reduced neurodevelopmental performance. We hypothesized that cerebral hypoxia,
detectable by near-infrared spectroscopy in the early postoperative period, would be related to later neurodeve-
lopmental performance.

Methods: The study population was a sequential cohort of patients who had undergone stage 1 palliation of
hypoplastic left heart syndrome under standard conditions, including neonatal perioperative monitoring with
cerebral near-infrared spectroscopy, and who had undergone a neurodevelopmental assessment at age 4 to 5
years. The neonatal demographic and 48-hour perioperative hemodynamic parameters, including cerebral oxy-
gen saturation, were tested for their relationship to 4 domains of neurodevelopmental performance, including
visual-motor integration in childhood in univariate and multivariate models. The neurodevelopmental scores
were classified as low if less than 85 (!1 standard deviation) and abnormal if less than 70 (!2 standard
deviations).

Results: For the 51 patients in the surgical cohort, the early survival was 94%, the cumulative survival was 86%,
and the neurodevelopmental assessment was completed by 21 (48%) of the survivors, without evidence of an
ascertainment bias. At the test age of 56.3 " 5.5 months, the composite neurodevelopmental index, constructed
from equally weighted measures in 4 domains, was 97.6" 9.6, not different from the age-based norms, with 3 of
21 in the low range and none abnormal. The mean visual-motor integration was 93.4" 14, slightly less than the
population norm (P< .05), with 2 of 21 having low scores and 1 abnormal scores. In patients with low to
abnormal visual-motor integration, the perioperative stage 1 palliation cerebral oxygenation saturation was sig-
nificantly lower (63.6 " 8.1 vs 67.8 " 8.1, P<.05). Two patients had discrete embolic strokes after their initial
hospitalization; the occurrence of late stroke reduced the visual-motor integration performance but was not
related to the early cerebral oxygen saturation. Nonlinear relationships of cerebral oxygen saturation to the neu-
rodevelopmental measures found cerebral oxygen saturation thresholds of 49% to 62%. The hours at a cerebral
oxygen saturation less than 45% and 55%were related to low visual-motor integration and neurodevelopmental
index scores in the univariate and multivariate models. A multivariate model of age and weight at stage 1 pal-
liation, cerebral oxygen saturation, arterial oxygen saturation, cardiopulmonary bypass and deep hypothermic
circulatory arrest times, and later stroke predicted visual-motor integration to an important degree
(R2 ¼ 0.53, P<.001). The actual and predicted visual-motor integration and neurodevelopmental index were
normal when a cerebral oxygen saturation less than 45% and other risk conditions were avoided.

Conclusions: Neurodevelopmental performance was related to demographic, neonatal perioperative phys-
iologic, and later factors. Perioperative cerebral oxygenation assessed by near-infrared spectroscopy can
detect hypoxic-ischemic conditions associated with injury and reduced neurodevelopmental performance
and was the most significant physiologic factor identified. These data suggest that efforts to avoid cerebral
hypoxia are likely to improve the outcomes in this high-risk population. (J Thorac Cardiovasc Surg
2013;146:1153-64)

Neonates with hypoplastic left heart syndrome and its vari-
ants face life-threatening hemodynamic challenges before,
during, and after stage 1 palliation (S1P) by the Norwood
procedure, related to both patient-specific and treatment-
specific factors.1-3 Survival has improved with advances in
perioperative techniques, but perioperative mortality
remains significant,4 with neurodevelopmental (ND) out-
comes less than normal in survivors.5-8 Mitigation of
perioperative hypoxic-ischemic risk has been attributed to
intensivemonitoring and pharmacologic strategies to control
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hemodynamic responses and improve systemic oxygen
delivery.9-13 Beyond survival, we have shown that neonatal
perioperative hemodynamics, as assessed by venous
oxygen saturation (SvO2), can predict the ND outcome at
age 4 years,14 presumably because the SvO2 from the supe-
rior vena cava is a proxy measure of cerebral oxygena-
tion.15,16 We hypothesized that a more direct measure of
brain oxygenation might show a stronger relationship to
conditions that cause injury and functional impairment.

Near-infrared spectroscopy (NIRS) provides a measure of
organ-specific venous-weighted oxyhemoglobin satura-
tion.17,18 Monitoring of brain oxygenation by NIRS is now
practical, with accuracy and validity, and comparative data
are available for normal and perioperative states for adults
and neonates.19-26 Cerebral NIRS monitoring allows
continuous, quantitative, and noninvasive detection of
conditions of cerebral hypoxic risk.27-30 Previous work has
identified a high risk of cerebral desaturation in the early
postbypass and intensive care unit period14,28,31,32 and
evidence of a relationship between cerebral hypoxia detected
by NIRS and the occurrence of brain injury detected by
imaging and other measures in the early postoperative
period.33-36 In the present report, we tested the hypothesis
that early perioperative cerebral hypoxia contributes to
reduced ND performance by examining the relationship
between cerebral oxygenation, as assessed by NIRS after
S1P, andmeasures of NDoutcome assessed at age 4 to 5 years.

METHODS
Patients

All neonates undergoing S1P had their perioperative hemodynamic data
recorded in standardized format in a prospective database, including SvO2

since 1996, and including cerebral and somatic NIRS starting in 2002.
Patients with hypoplastic left heart syndrome who had undergone an initial
staged reconstruction using a standardized perioperative management strat-
egy with antegrade cerebral perfusion and intraoperative and postoperative
cerebral NIRS monitoring were eligible for ND testing at 4 to 6 years of

age as a part of an institutional review board-approved study at the Children’s
Hospital of Wisconsin. Sequential patients who had received postoperative
NIRSmonitoring constituted the operative cohort, and all whohad completed
a ND assessment by September 2009 were included in the primary analysis.

Protocols for neonatal hemodynamic data collection, phenoxybenz-
amine administration, and ND assessment were followed. The preoperative
factors extracted for the present analysis included gestational age and
weight at birth, age and weight at S1P, gender, anatomic subtype, prenatal
diagnosis, the presence of associated abnormalities or syndrome, and the
use of preoperative mechanical ventilation or inotropes. A preoperative
high-risk status was defined as gestational age younger than 35 weeks,
birthweight less than 2.5 kg, or the presence of noncardiac anomalies.
The perioperative variables included cardiopulmonary bypass (CPB)
time, circulatory arrest, antegrade cerebral perfusion, shunt type (modified
Blalock-Taussig shunt vs right ventricle to pulmonary artery shunt), and the
use of extracorporeal membrane oxygenation. Other factors included the
need for manual cardiopulmonary resuscitation during the initial hospital-
ization, interstage events (after discharge from S1P to stage 2), and the
occurrence of a neurologic event after S1P.

Clinical Management
The neonatal perioperative management strategies have been previously

described9,13,26,37,38 and included preoperative stabilization with
prostanoids, intraoperativehigh-dose opioidand isoflurane-balanced anesthe-
sia, aprotinin, high-flow CPB to 18!C to 20!C using pH-stat blood gas man-
agement, and arch reconstruction with deep hypothermic antegrade cerebral
perfusion by way of an innominate artery shunt at 50 mL/kg/min flow with
minimal circulatory arrest. Phenoxybenzamine 0.25mg/kgwas administered
to all patients receiving CPB.37,39 The postoperative hemodynamic targets
included the mean arterial pressure greater than 45 mm Hg, central venous
pressure (CVP) 8 to 12 mm Hg, arterial oxygen saturation (SaO2) greater
than 75%, superior vena cava SvO2 greater than 50%, and cerebral oxygen
saturation (rSO2C) greater than 50%. Strategies to achieve these targets
included delayed sternal closure, maintenance of normothermia (36.2!-
37.8!C) using a servocontrolled warmer, sedation, and mechanical
ventilation with adjustment of arterial carbon dioxide tension, transfusion
of red blood cells to maintain hematocrit greater than 40%, and continuous
infusions of milrinone, epinephrine, and norepinephrine, as necessary.
Neither buffer nor hyperventilation was used to adjust blood pH.

Physiologic Assessment
The hemodynamic data included SaO2 (Masimo SET algorithm,

Masimo Corp, Irvine Calif), SvO2 (4F Oxycath, Abbott Laboratories,
Abbott Park, Ill) placed in the superior vena cava at S1P, invasive mean
arterial pressure, and CVP (from the umbilical vein or common atrial
line), all acquired by a standard multiparameter monitor (Solar, GEHealth-
care, Milwaukee, Wis). The cerebral oxygen saturation was obtained from
a right-midline forehead sensor and somatic/renal saturation from the
T12-L2 somatic region using a dual-light path, continuous-wave, NIRS
device (INVOS 5100A/B with a pediatric sensor, Somanetics Inc, Troy,
Mich).31 These measures were continuously monitored and recorded at
hourly intervals using a standardized clinical flowsheet for the first 48 hours
after S1P. A laboratory assessment of the arterial and venous blood gases,
including arterial carbon dioxide tension, hydrogen ion log concentration
(pH), standard base excess, and hemoglobin concentration, was obtained
at clinically indicated intervals and included in the physiologic database,
with linear interpolation of missing values. The derived physiologic vari-
ables were computed using standard formulas (including the cerebral arte-
riovenous saturation difference: DarSO2C ¼ SaO2 # rSO2C).

31,34

Neurodevelopment Assessment
A ND test battery was administered by a single developmental psychol-

ogist under controlled conditions. The visual-motor integration (VMI)

Abbreviations and Acronyms
CPB ¼ cardiopulmonary bypass
CVP ¼ central venous pressure
DHCA ¼ deep hypothermic circulatory arrest
MRI ¼ magnetic resonance imaging
ND ¼ neurodevelopmental
NDI ¼ neurodevelopmental index
NIRS ¼ near-infrared spectroscopy
rSO2C ¼ regional cerebral oxygen saturation
S1P ¼ stage 1 palliation
SaO2 ¼ arterial oxygen saturation
SD ¼ standard deviation
SvO2 ¼ venous oxygen saturation
VMI ¼ visual-motor integration

Congenital Heart Disease Hoffman et al

1154 The Journal of Thoracic and Cardiovascular Surgery c November 2013

C
H
D



Conclusion 
•  Optimiser la perfusion d’organe est l’objectif principal de la 

CEC 

•  Peu de monitoring permettent de l’évaluer 

•  La NIRS donne directement la SO2 régionale de façon non 
invasive 

•  Permet de reconnaître rapidement une hypoxie tissulaire et de 
la corriger 


