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Speeddating

G

eachte lezer,

Op vrijdag 21 september is
het zo ver: de 15de editie van onze
Wetenschapsdag! Dit jaar wordt
het festijn voor jonge onderzoekers
georganiseerd door de afdeling
Anesthesiologie van het UMCG. De
warme zomer wordt in stijl afgesloten:
er mag ge-date worden! Onder het
mom van ‘waarom moeilijk doen als
het samen kan’ is er tijdens de geplande
netwerkborrel de mogelijkheid collegaonderzoekers op een inspirerende
locatie in Groningen te ontmoeten.
Immers, het doen van onderzoek lukt
niet als eenling en door samenwerking
zal het niveau van de publicaties
alleen nog maar stijgen. Doet u er uw
voordeel mee en haak aan! Komt u
beslagen ten ijs want het betreft hier
wel speeddating. En alsof dat nog
niet genoeg reden is om de reis naar
het Hoge Noorden te aanvaarden,
de keynote speaker weet misschien
wel wat er in de sterren geschreven
staat. Professor Rien van de Weygaert,
verbonden aan de faculteit wetenschap
en technologie Rijks Universiteit
Groningen, publiceert en doceert
onder andere over astronomische
vraagstukken.

Net als voorgaande jaren worden ook
deze editie van de Wetenschapsdagweer
gevuld met wetenschappelijk werk
van goede kwaliteit. In de geest van
onze voorganger: daar mag u best een
beetje trots op zijn. De onderwerpen
zijn dit jaar vooral klinisch van aard en
bestrijken de volle breedte van ons vak.
Het zou ons niets verbazen als enkele
abstracts hier gepresenteerd de aanzet
zijn tot directe verbetering van de anesthesiologische zorg in Nederland.
Naast de abstracts voor de Wetenschapsdag in dit issue een artikel waarin de
relatie tussen cardiac index en weefsel
oxygenatie wordt onderzocht. De zoektocht naar een betrouwbare, minimaal
invasieve methode om de gezondheid
status van weefsel te duiden wordt
ook wel gezien als de Heilige Graal van
resuscitatie wetenschap. Tijdens hoog
risico abdominale chirurgie zijn veel
continue hemodynamische data verzameld wat heeft geleid tot een nieuwe
oxygenatie index.
Wij wensen u veel leesplezier en nieuwe
wetenschappelijke relaties toe!
Rogier Immink
Paul van Beest
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B. Preckel, Prof. Dr.

G

eachte lezer,

Deze uitgave van het NTvA bevat de
abstracts van de Wetenschapsdag 2018.
Een excellente selectie van zeer interessante resultaten van hoogwaardige onderzoeksprojecten
in Nederland. Veel arts-assistenten in opleiding
tot specialist (AIOS) zullen hun projecten gaan
presenteren en zich hiermee toetsbaar opstellen
voor discussie van hun resultaten. Zoals in de afgelopen jaren zijn er nauwelijks staf collega´s die
komen presenteren. We laten deze kansen – en
dus ook het werk - graag over aan de AIOS.
In uitgave 3-2018 van het NTvA heft u het
stukje “Weerbaar opleiden, maar ook toetsbaar
opstellen” kunnen lezen, mijn ervaringen bij het
ondergaan van het “OnLine Assessment (OLA)”
van de European Society of Anesthesiologists.
Ik heb hierin ook aangegeven dat ik u graag wil
uitdagen om samen met mij in 2019 het OLA
te ondergaan, en dat ik voor de voorbereiding
enkele lessen zal aanbieden tussen september
2018 en april 2019.
Graag nodig ik u uit om deel te nemen aan deze
lessen, die allemaal zullen worden samengesteld
van vragen zoals deze tijdens de OLA moeten
worden beantwoord, gepaard met de bijhorende
oplossingen en achtergrond van desbetreffende
vragen.
Om u zelf te kunnen voorbereiden vindt u naast
de lessen in het overzicht hiernaast niet alleen de
data maar ook de inhoud van de verschillende
lessen. U kunt zich aanmelden voor deze lessen
via de website van het AMC, www.amc.nl/bns.
Laten we ons als stafleden zelf weer eens toetsbaar opstellen, mogelijk zelfs in competitie met
de jonge AIOS. Ik hoop u doet mee! Ik heet u
graag welkom voor de eerste lessen in september
en oktober.

Voorbereidingslessen
OLA 2019

Lessen in 2019

Tijd: 18.00 -21.00 uur
Locatie:
Amsterdam UMC,
Amsterdam Universitaire
Centra, locatie AMC
Vermeulen Cranch Zaal
H1-154
Afdeling anesthesiologie
Meibergdreef 9
1100 DD Amsterdam

Donderdag 10.01.2019
CNS, Neurosurgery
Dinsdag 05.02.2019
Regional/neuraxial anesthesia
incl. anatomy physiology and
pharmacology
Woensdag 06.03.2019
Kidney, Liver, Volume,
Haematology
Dinsdag 02.04.2019
Pregnancy, Obstetrics,
Paediatrics,

Lessen in 2018
Dinsdag 18.9.2018
Lung/Chest I: Respiration:
physiology and pharmacology
(inhalational anesthetics,
muscle relaxants)
Woensdag 17.10.2018
Lung/Chest II: thoracic
surgery, intubation,
ventilation
Donderdag 15.11.2018
Cardiovascular I: Physiology,
clinical application
Woensdag 12.12.2018
Cardiovascular II:
Pharmacology, clinical
applications

Facultatief
(afhankelijk van
datum OLA)
Woensdag 17.04.2019
General questions incl.
technical subjects, statistics,
monitoring

98

nederlands tijdschrift voor anesthesiologie september ’18



|

abstracts 2018

The association between postoperative hypotension during the
first 24 hours after noncardiac surgery and myocardial injury
V.G.B. Liem M.D.
S.E. Hoeks, M.D. Ph.D.
J.W. Potters, M.D. Ph.D.
K.H.J.M. Mol, M.D.
F. Grüne, M.D.
R.J. Stolker, M.D. Ph.D.
F. van Lier M.D. Ph.D.
Department of Anaesthesia, Erasmus University
Medical Centre

Introduction

Results
Mean duration of hypotension lasted longer during the first 24 hours after surgery
compared to surgery (109 minutes vs. 28
minutes, P < 0,001). Longer duration of
postoperative hypotension was associated
with increased risk of myocardial injury:
30-60 minutes duration adjusted odds ratio
(OR), 1.8 [95% confidence interval (CI):
1.1 – 3.1), >60 minutes duration adjusted
OR, 2.1 [95% CI: 1.5 – 3.0]. The association

between intraoperative hypotension and
myocardial injury did not remain when
postoperative hypotension was included in
the final model.

Conclusion
Postoperative hypotension on high-dependency wards lasted more than double compared to intraoperative hypotension and is
associated with myocardial injury instead
of intraoperative hypotension.

Intraoperative hypotension defined as a
mean arterial pressure (MAP) <65 mmHg is
associated with postoperative morbidity and
mortality. However, postoperative hypotension is hypothesized to last longer due to less
vigilant monitoring and might therefore contribute heavier to organ damage. This study
examines postoperative hypotension in relation to intraoperative hypotension and the
association between myocardial injury.

Method
This observational cohort comprised of 4864
patients aged >=60 years undergoing noncardiac surgery. After surgery patients were
monitored on a high-dependency ward (post
anaesthesia care unit or intensive care unit).
A MAP threshold of 65 mmHg was used to
define hypotension and duration under the
threshold was measured. The study endpoint
was myocardial injury in the first 3 postoperative days.

Figure 1.

Ethical difficulties experienced in the clinical practice of Dutch
anaesthesiologists: An explorative semi-structured interview study.
E.A. Kwofie 1
B.A. de Bock 2
M.W. Hollmann 1
D.L. Willems 2
1 Department of Anaesthesiology and the 2
Department of Medical Ethics, Academic Medical
Centre AMC Amsterdam, University of Amsterdam.

Introduction
Anaesthesiologists frequently experience
ethical difficulties in their practice.(1) However, studies exploring the specific topics of
these dilemmas are scarce. In this study we
set out to determine which ethical difficulties are experienced by anaesthesiologists
and how they are managed.

Method
Between January and June 2018, Dutch
anaesthesiologists were recruited through
purposive and snowball sampling until data
saturation was reached. Semi-structured oneon-one interviews were performed, focusing
on the experiences with ethical dilemmas
in clinical practice. Interviews were audiorecorded and transcribed verbatim. We analysed the transcripts by a qualitative method
using conventional content analysis.(2)
After initial coding, data were sorted into
(sub)categories and clusters. Validity was
checked by an independent researcher. The
reliability of data was increased through in-

dividualised member checking. Data analysis
software was MAxQdA version 12.

Results
Thirty anaesthesiologists working in sixteen
different hospitals (three academic, twelve
nonacademic hospitals and one private clinic)
were included. Ethical difficulties were identified in two clusters: patient and organisation
related. Patient related ethical difficulties
included decisions around informed consent,
end of life and patient autonomy. Organisation related ethical difficulties comprised of
decisions around: responsibility of anaesthesiologists to question the indication for surgery,
emergency care planning, financial factors
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and team performance. There was a wide
variety in management of ethical difficulties.
Some hospitals organised multidisciplinary
meetings or had ethical protocols. Other
hospitals left decision making to individual
professionals.

Conclusion
This study is the first to explore ethical dilemmas with anaesthesiologists from a qualitative
viewpoint. It seems that the role of anaesthesiologists has changed over the last few years.
This results in large discrepancies between

hospitals in how responsibilities are divided
between anaesthesiologists and surgeons.
References:
1. Saarni SI et al., J Med Ethics. 2008
2. Hisieh HF et al., Qual Health Res. 2005

Comparison between the early postoperative efficacy of
ultrasound-guided pectoral nerve block (PECS II) and opioids
after mastectomy: a retrospective observational study
A.H. Swadi
J.G.F. Scholten

Dept. of Anaesthesiology St. Antonius Hospital

Introduction
The most common cancer in women nowadays is breast cancer. Anaesthesiologist still
face a challenge of how to treat the acute
post-operative pain following mastectomy.
The usage of opioids is still the standard
practice, although this is accompanied with
postoperative nausea, vomiting, drowsiness,
and increased analgesic requirement. A nonopioid approach may reduce morbidity, enable day care surgery, and possibly decrease
tumor recurrence. One of the non-opioid
technique used nowadays is PECS block,
which has become the standard approach
for managing postoperative pain following
mastectomy in our hospital.

Method

Results

For this retrospective observational study
30 adult female patients were observed by
using information from their Electronic
Patient Dossier (EPD). All the 30 patients
underwent an elective mastectomy. Fifteen
patients received an ultrasound-guided
pectoral nerve block after induction of general anaesthesia. For the remaining fifteen
patients our standard practice of opioids
was used.
The two groups of patients were compared
to each other based on post-operative opioids requirement in the recovery, length of
stay in the recovery, and post-operative nausea and vomiting. The latter was measured
by observing the additional anti-emetic
requirement during the recovery.

The results did not show any difference
between the two groups of patients in terms
of post-operative opioids requirement,
length of stay in the recovery (78 mins vs.
78.83 mins), and post-operative nausea and
vomiting.

Conclusion
This small-scale study shows that there is no
difference in the early postoperative efficacy
of ultrasound-guided pectoral nerve block
(PECS II) and opioids after mastectomy. A
randomized controlled trial is needed to
further evaluate this clinical outcome.

The Haemodynamic Instability Score: development
and validation of a new rating method of intraoperative
haemodynamic instability
E. Buitenwerf 1
M.F. Boekel 2
M.I. van der Velde 2
M.F. Voogd 2,3
M.N. Kerstens 1
J.K.G. Wietasch 2
T.W.L. Scheeren 2

1 Department of Endocrinology, University of
Groningen, University Medical Center Groningen,
Groningen, The Netherlands
2 Department of Anaesthesiology, University of
Groningen, University Medical Center Groningen,
Groningen, The Netherlands
3 Department of Anaesthesiology, Medical Center
Leeuwarden, Leeuwarden, The Netherlands.

Introduction
There is no consensus on how to define
haemodynamic instability, but usually pa-

tients are deemed stable or unstable mainly
based on blood pressure thresholds disregarding the degree of instability. Moreover,
the use of vasoactive agents and volume
therapy can directly influence patient categorisation but is usually not taken into
account. The aim of this study was to develop a scoring tool to quantify the overall
degree of haemodynamic instability.

Method
We performed a retrospective study in patients undergoing high-risk surgery (HRS)
and, as controls, in patients undergoing
video-assisted thoracoscopic surgery. The
haemodynamic instability-score (HI-score)
comprised of haemodynamic variables

and infusion rates of vasoactive agents and
fluids during surgery. Thresholds were
determined in a development cohort of 50
HRS and 50 control patients. The HI-score
was subsequently validated in a separate
cohort.

Results
153 HRS and 78 control patients were included in the validation cohort. The total
HI-score was higher in the HRS group compared to the control group (59 [35-91] vs. 43
[23-63], P=0.001). The haemodynamic component of the score did not differ between
groups (10 [8-16] vs. 10 [8-16], P=0.693).
However, components for volume therapy
and vasoactive medication were significantly
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higher in the HRS group compared to the
control group (14 [6-22] vs. 6 [2-14], P=0.001
and 35 [15-75] vs. 15 [5-35], P<0.001).

Conclusion
We developed the HI-score and demonstrated that it can discriminate between low and
high risk surgical procedures. The HI-score

might help to identify risk factors and quantify the effect of interventions that prevent
or correct haemodynamic instability.

Figure 1.

The potential of organ donation after euthanasia
J.A.M. Bollen 1
T.C. van Smaalen 2
M.M. ten Hoopen 3
L.W.E. van Heurn 4
W.N.K.A. van Mook 1
D. Ysebaert 5
1 Department of Intensive Care, Maastricht University
Medical Center, Maastricht, the Netherlands
2 Department of Surgery, Erasmus Medical Center,
Rotterdam, the Netherlands
3 Health Law, Maastricht University, Maastricht, the
Netherlands
4 Department of Pediatric Surgery, Academic Medical
Center, Amsterdam, the Netherlands
5 Department of Transplant Surgery, University
Hospital Antwerp, Edegem, Belgium

Introduction
Organ donation after euthanasia is a donation after circulatory death (DCD) procedure, and is becoming legally, medically and
ethically accepted in Belgium, Canada and
the Netherlands. What are the odds that an

anesthesiologist will be confronted with this
procedure, at the intensive care or the operating room? Since 2005, more than seventy
people have been able to successfully donate
their organs after undergoing euthanasia,
thereby fulfilling their last wish. Several
thousand people undergo euthanasia each
year, but it is unclear how many people are
able and willing to donate their organs.

Method
We received Belgian data on euthanasia
of 2013, 2014 and 2015, from the Federal
Monitoring and Evaluation Committee. We
selected those patients without medical contraindication for organ donation.

Results
From a total of 5772 euthanasia reports, 15
(0,3%) were excluded due to insufficient
data. 4547 patients (79 %) were excluded
based on a contraindication for organ do-

nation related to their cause of suffering.
Thereafter, 499 patients were excluded
because of an age older than 80 years and
123 patients comprising 4/10 of the group of
70-79 years. A total of 588 (10,2 %) potential
donors with at least one suitable organ for
donation remained.

Conclusion
Though not its primary purpose, organ donation after euthanasia is feasible, but specific considerations about the procedure must
be carefully discussed with the patient. Next
to informed consent for organ donation, it
is necessary to discuss with potential donors
that they have to be admitted to the hospital
for the euthanasia procedure. After determination of death, the patient is rushed to the
operating room, where organ donation can
take place. Organ donation after euthanasia
could have a significant impact on transplant waiting lists.

The impact of postoperative pain treatment with metamizole on
kidney function and pain therapy outcome: preliminary results
of a prospective observational non-inferiority cohort study
N.H.Th. Voesten, drs.
L. Timmerman, dr.
C.A.J. Knibbe, prof. dr.
H. Kelder, dr.
H.J. Blussé van Oud-Alblas, dr.
St. Antonius Ziekenhuis Nieuwegein

Introduction
NSAID’s are rarely used as an analgesic after
cardiothoracic surgery, mainly because of possible detrimental effects on renal function.
There has been no research on the effects of
metamizole on renal function in this high
risk population, although it is regularly pre-

scribed. This study aims to analyse the influence of metamizole on incidence of acute kidney injury (AKI) after cardiothoracic surgery.

Method
In this prospective single-centre non-inferiority cohort study, we aimed to analyse data

september ’18 nederlands tijdschrift voor anesthesiologie

101

|

of the first 5 postoperative days of all patients
who underwent cardiothoracic surgery in
the St. Antonius Hospital from February 2016
until January 2017. In August 2016 metamizole
was added to the standard postoperative
pain-protocol for a maximum of five days
after surgery. The primary endpoint was AKI
as defined by the KDIGO guidelines on day
2 and day 5 postoperatively. Secondary endpoints were pain scores and analgesic use.

Results

Conclusion

Between February and October 2016, 911
patients could be evaluated in the control
group and 316 in the intervention group.
The incidence of AKI on day 2 and/or day
5 was 9.5 % (n=30) versus 13.0% (n=16) in
the control versus intervention group,
respectively(p>0.3).

Preliminary results show that there is no
significant increase in acute kidney injury
in patients receiving metamizole after
cardiothoracic surgery. While results may
be influenced by the low group size in the
metamizole group, further exploration of data
is warranted.

Secondary Aspergillus infection in influenza patients is not
explained by systemic immunoparalysis
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Figure 1. Upper panel: Plasma levels of TNF-α, IL-1β, IL-6 and IL-1RA measured within 24 hr of ICU admission in all four study groups. Lower panel: Production of TNF-α, IL-1β, IL-6 and IL-1Ra in the four study
groups after ex vivo stimulation of PBMCs with RPMI, LPS, P3C, Candida albicans (Ca), live Aspergillus
fumigatus (Asp+) and PHA. Data are presented as Box and Whisker plots. * indicates p<0.05 calculated using
Kruskall Wallis tests.
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In the current study, we studied various
aspects of the immune response in patients
with severe influenza infections that were
admitted to the ICU to elucidate whether
influenza induces systemic immunoparalyis
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that could explain the increased susceptibility to Aspergillus fumigatus infections.
We compared these patients with patients
suffering from bacterial pneumonia, isolated neurotrauma, healthy individuals, and
healthy volunteers who were intranasally
challenged with the live-attenuated influenza vaccine Fluenz, a live-attenuated influenza vaccine.

Results

Conclusion

Circulating cytokine responses, cytokine
production upon ex vivo stimulation of
PBMCs with various ligands and populations
of IFN&#947;-, IL-17A-, and IL-22-producing
T-cells were not altered in influenza patients,
compared with the control groups (Figure
1). Also, in healthy volunteers challenged
with Fluenz, no effects on ex vivo cytokine
production were observed (Figure 2).

Severe influenza infection does not result
in systemic immunosuppression that may
explain the increased susceptibility to Aspergillus fumigatus. Additional studies are
crucial to elucidate the factors underlying
influenza-induced aspergillosis.

Lung 1ssue

The endotoxin-induced pulmonary inflammatory response is
enhanced during the acute phase of influenza infection
Cykokines

** *
**

TNF-α

0.5

Method
Male C57BL/6J mice were intranasally inoculated with influenza virus or mock treated.
After 4 (acute phase) or 10 (recovery phase)
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later. Cytokine levels in plasma and lung tissue, and lung myeloperoxidase (MPO) content were determined.
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This effect was also observed 10 days after
influenza infection, albeit to a lesser extent.
LPS-induced plasma levels of the antiinflammatory cytokine IL-10 were enhanced
4 days after influenza infection, whereas a
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trend towards increased pulmonary IL-10
concentrations was found. LPS-induced increases in pulmonary MPO content tended
to be enhanced as well, but only at 4 days
post-infection (Figure 1 and 2).

Conclusion
An LPS challenge in the acute phase of influenza infection results in an enhanced pulmonary pro-inflammatory innate immune
response. These data increase our insight on
influenza-bacterial interplay. Combing these

data with previous findings, it appears that
this enhanced response is not beneficial in
terms of protection against secondary infections, but rather damaging by increasing
immunopathology.

Pharmacodynamics and pharmacokinetics of midazolam in
Down and non-Down syndrome children after cardiac surgery
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Introduction
Children with Down syndrome are reported to require more sedatives after cardiac
surgery. The aim was to evaluate the phar-

macodynamics and pharmacokinetics of
midazolam after cardiac surgery in children
with and without Down syndrome.

Method
Twenty-one children with Down syndrome and 17 without (3-36 months old)
scheduled for cardiac surgery, were included in this prospective observational
study. Analysis of the pharmacokinetics of morphine in this cohort has been
published before. During intensive care
admission, nurses regularly assessed pain
and discomfort with validated instruments
(COMFORT-Behavior scale; Numeric Rating Scale-for pain). These scores guided
analgesic and sedative treatment. Morphine was the first-line analgesic agent.
Undersedation was defined as COMFORTBehavior score >16 and NRS<4 (indication
to start midazolam). Plasma samples were
obtained for pharmacokinetic analysis of
midazolam using NONMEM.

Results
Twenty-six of the subjects (72%) required
midazolam postoperatively. There were no
statistically significant differences between
children with and without Down syndrome
in terms of cumulative midazolam
dose (p=0.61) or time before additional
sedation was initiated(p=0.71). Population
pharmacokinetic analysis revealed no
statistically significant differences in
clearance or volume of distribution of
midazolam between the children with and
without Down syndrome.

Conclusion
The majority of children require additional
sedation after elective cardiac surgery, irrespective of Down syndrome. Compared to
previously published values in non-cardiac
surgery, midazolam pharmacokinetics do
not seem to be altered in children after cardiac surgery.

Incidence of critical illness polyneuropathy and myopathy in
paediatric ICU patients: a retrospective cohort study
N.H.J. Cuijpers
E.A. Krijnen
J. Nijman MD*, PhD
M. Rijsdijk MD, PhD
T.H. Kappen MD, PhD
Department of Anesthesiology, University
Medical Center Utrecht, Utrecht University, The
Netherlands
* Department of Pediatrics, Pediatric Intensive Care
Unit, Wilhelmina Children’s Hospital Utrecht, The
Netherlands

Introduction
Critical illness polyneuropathy (CIP) and
critical illness myopathy (CIM), both forms
of Intensive Care Unit Acquired Weakness (ICU-AW), have been recognised as
important clinical entities in the adult ICU.
In contrast to the adult ICU, both CIP and

CIM do not seem to be a major concern in
the paediatric ICU (PICU). Present retrospective study aims to assess the incidence
of ICU-AW, CIP and CIM in the PICU.

Method
Study design: Retrospective cohort study in
the PICU of Wilhelmina Children’s Hospital,
Utrecht, the Netherlands.
All patients without pre-existing neuromuscular diseases or home ventilation, aged 0 to
18 years, admitted to the PICU for more than
24 hours between 1st of January 2001 and 1st
of December 2017, were included. Admitted patients were analysed retrospectively
through reviewing the PICU information
system (Metavision) on diagnosis of ICU-AW,
CIP or CIM.

Results
Three of 7,299 admissions (0.041%) were identified as CIP or CIM. Older age (OR 1.241 [95%
CI 1.017-1.515] p=0.034), sepsis (OR 11.23 [95%
CI 1.016-124.179] p=0.049) and prolonged
mechanical ventilation (OR 1.024 [95% CI
1.004-1.044] p=0.016 ) are associated with CIP
and CIM. Length of stay at the PICU is not
significantly associated with CIP and CIM.

Conclusion
The incidence rate of CIP and CIM in the
paediatric ICU population is remarkably
lower than reported incidence rates in the
adult ICU population. This may be due to
underdiagnosis of the conditions and/or differences in pathophysiology and the course
of critical illness between adult and paediatric, particularly septic, ICU patients.
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Characteristics

PICU population

Total (n (%))

7,299 (100)

Age at admission, years

3.50 +/- 5.07

Sex, male

4169 (57.1)

PICU stay, days
Mechanically ventilated, days
PIM2

6.96 +/-14.36
5.33 +/- 10.81
-3.86 (-4.64 – -3.07)

Patient 1

Patient 2

Patient 3

14

8

12

F

M

M

PICU-stay, days

39

10

34

Mechanically ventilated,

36

9

34

-5

-3

-2

No

No

Yes

Recurrent otitis and

Pre-B ALL

T-cell NHL

Age at admission, years
Sex

days
PIM2
Deceased

Deceased

249 (3.4)
Patients’ diagnosis

Diagnosis related to CIP/CIM
Sepsis

421 (5.8)

Septic shock

123 (1.6)

SIRS

38 (0.5)

Toxic Shock Syndrome

17 (0.2)

ARDS

69 (0.9)

Other frequent diagnosis (diagnosed >500 times)
Respiratory Failure

1,455 (19.9)

Bronchiolitis

908 (12.4)

Seizures

883 (12.1)

VSD

740 (10.1)

VSD Repair

615 (8.4)

Transposition of great arteries

571 (7.8)

Prematurity

508 (7.0)

Pre-existing condition

sinusitis
Antecedent

Cerebral empyema

Interstitial pneumonia

Sepsis with
abdominal focus

Sepsis

-

+

+

Septic shock

-

-

+

Respiratory failure

-

+

+

Outcomes
Neuromuscular signs

Electromyography

Tetraplegia

Muscle weakness

Progressive muscle

immediately after discharge

weakness during

from PICU

PICU-stay

Typical for CIM

-

-

CIM

CIP*

CIP*

4 weeks after discharge

Clinical signs of slowly

†

EMG showed

recovery

Form of ICU-AW
Recovery

improvement

in allmean
probability
Table 1. Patient characteristics of included admissions. Data are No. admissions*(%),
(standard deviation)
Table
2. Characteristics
of<12
CIP/CIM cases. PICU= Paediatric Intensive Care Unit; PIM2 = Paediatric Index of
of continuous values or median (interquartile range) of ordinal values. Prematurity
is specified
as <37/4 &

2. 2;
Characteristics
of CIP/CIM
Mortality
= pre-B-cell
Acute cases.
Lymphocytic Leukaemia; T-cell NHL = T-cell non-Hodgkin Lymphoma;
Table
1.ofPatient
characteristics
of included
admissions.
Data are
months
age. PICU
= paediatric intensive
care unit;
PIM2 = Paediatric
Index ofTable
Mortality
2; Pre-B
CIP = ALL
critical
illness
PICU=
Care Unit;
No. admissions (%), mean (standard deviation) of continuous
ICU-AWPaediatric
=
intensive Intensive
care unit
polyneuropathy; CIM = critical illness myopathy; SIRS = systemic inflammatory response
syndrome;
ARDS
= acquired weakness; CIM = critical illness myopathy; CIP = critical illness
PIM2 = Paediatric Index of Mortality 2;
values or median (interquartile range) of ordinal values. Premapolyneuropathy; EMG = electromyography.
acute respiratory
distress
syndrome;
= ventricular
Pre-B ALL = pre-B-cell Acute Lymphocytic Leukaemia;
turity
is specified
as <37/4
& <12VSD
months
of age. septal
PICU defect.
= paediatric
T-cell NHL = T-cell non-Hodgkin Lymphoma;
intensive care unit; PIM2 = Paediatric Index of Mortality 2; CIP =
ICU-AW = intensive care unit acquired weakness;
critical illness polyneuropathy; CIM = critical illness myopathy;
CIM = critical illness myopathy; CIP = critical illness polyneuropathy;
SIRS = systemic inflammatoryresponse syndrome; ARDS = acute
EMG = electromyography.
respiratory distress syndrome; VSD = ventricular septal defect.

Disability-free survival and preoperative
frailty in elderly cardiac surgery patients
L. Verwijmeren
L.M. Peelen
E.J. Daeter
W.A. van Klei
E.P.A van Dongen
P.G. Noordzij
St. Antoniusziekenhuis, Nieuwegein
Universitair Medisch Centrum Utrecht
Julius Centrum, Universitair Medisch Centrum Utrecht

Introduction

Method

Older patients are increasingly referred for
cardiac surgery, but are at increased risk for
adverse outcome or loss of quality of life.
Avoiding postoperative disability is important in this vulnerable population. Frailty
screening may aid preoperative risk stratification and improve disability-free survival in
older cardiac surgery patients.

A multi-centre, prospective cohort study
from July 2015 - July 2017 at St. Antonius
hospital, Nieuwegein and University Medical Centre, Utrecht including 555 patients
>70 years presenting for elective cardiac
surgery. All patients underwent an Anesthesia Geriatric Evaluation (AGE) that
consisted of an 11-item frailty screening
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including polypharmacy, education level,
marital status, dependent living, incontinence, grip strength, cognitive impairment,
malnutrition, physical function, gait speed,
and mobility. Health related quality of life
(HRQL) was assessed preoperatively and at
three months postoperatively using the SF36 questionnaire. Disability-free survival was
assessed at three months using the World
Health Organisation Disability Assessment
Scale 2.0 and was defined as none to mild
disability.

Results
Mean age was 75 years and 373 (67%)
patients were men. Most common frailty
characteristics were impaired mobility
(49%), low grip strength (37%) and lower
education level (26%). Disability-free
survival occurred in 468 (84%) patients.
Frailty characteristics were less common in
patients with disability-free survival. This
was most pronounced for mobility, gait
speed, physical functioning, and education
level. Patients with postoperative disability
reported lower HRQL compared to patients

with disability-free survival (physical HRQL:
33.2 (±9.0) versus 46.1 (±8.7) respectively and
mental HRQL: 40.8 (±12.1) versus 51.1 (±9.4)
respectively).

Conclusion
Frailty is common in elderly cardiac surgery
patients and more often present patients
with postoperative disability. Therefore preoperative frailty screening seems warranted
to improve preoperative optimization and
decision-making.

106

nederlands tijdschrift voor anesthesiologie september ’18

|

onderzoek

Minimally invasive
prediction of ScvO2 in
high-risk surgery
H. de Grooth 1
J.J. Vos 2
T.W.L. Scheeren 2
P.A. van Beest 2,3

1 Department of Anesthesiology, VU
University Medical Center, Amsterdam
2 Department of Anesthesiology, University
Medical Center Groningen, University of
Groningen, Groningen
3 Department of Anesthesiology, Medical
Center Leeuwarden, Leeuwarden
contactinformation
P.A. van Beest
Department of Anesthesiology
Medical Center Leeuwarden
Postbus 888
8903 BR Leeuwarden
Email: paul.van.beest@znb.nl
fina ncial disclosures:
none
conflict of interest:
none

abstract

Objective: The purpose of this study was to examine the trilateral relationship
between cardiac index (CI), tissue oxygen saturation (StO2) and central
venous oxygen saturation (ScvO2) and subsequently develop a model to
predict ScvO2 on minimal invasive manner in patients undergoing major
elective surgery.
Design: Prospective observational study
Setting: Academic medical center in the Netherlands
Patients: Thirty-three high-risk surgical patients.
Interventions: None
Methods and main results: The data from a randomized controlled trial
(NCT01342900) were analyzed on a between- and within-patient basis using
regression on group means, random-effects Generalized Least Squares (GLS)
regression. Trend concordance was assessed using a four-quandrant plot. We
developed a model Index of Oxygenation (IO) to predict ScvO2 based on CI,
StO2, heart rate (HR), fraction of inspired oxygen (FiO2) and mean arterial
pressure (MAP). IO was validated on a separate subsample using randomeffects GLS regression, a Bland-Altman plot and four-quadrant concordance.
We could not establish a positive significant association between StO2 and
CI using regression analyses. Trending concordance is non-existent (on a
5-minute basis: 56%) or very weak (on a 60-minute basis: 73%). CI was found
to be strongly associated with ScvO2 on a within-patient basis but lacks
predictive power in explaining between-patient differences. StO2, in contrast,
was significantly associated with between-patient ScvO2 differences, but does
not follow (short term) within-patient ScvO2 variability. The mean difference
or bias between ScvO2 and IO is 1.07%. Concordance for 5-minute and
60-minute trends was 71% and 90%, respectively.
Conclusion: StO2 cannot be considered a flow dependent variable during
high-risk surgery. We hypothesize that StO2 is a gauge of microcirculatory
functioning more than a measure of systemic oxygen balance. IO is a better
estimator is ScvO2 than either CI or StO2 alone and could potentially be used
for minimally invasive monitoring of systemic oxygenation.
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samenvatting In deze studie is de relatie tussen cardiac index, weefsel oxygenatie en de centraal

veneuze saturatie onderzocht. Daarvoor zijn prospectief, observationeel, continue data van een
gerandomiseerd onderzoek van hoog risico chirurgische patiënten gebruikt.
Met behulp van regressie analyse en trend concordantie is er een Oxygenatie Index ontwikkeld om
centraal veneuze saturatie (ScvO2) te voorspellen. Dit model is gebaseerd op cardiac index (CI),
weefsel oxygenatie (StO2), hartfrequentie (HF), zuurstof fractie (FiO2) en bloeddruk (MAP).
Gebaseerd op de beschreven populatie kan StO2 niet als flow afhankelijke variabele worden
beschouwd: er is geen sprake van een positieve associatie tussen StO2 en CI. StO2 weerspiegelt
waarschijnlijk eerder de microcirculatie dan dat de StO2 ons informatie verschaft over de globale
zuurstof balans. De Oxygenatie Index zoals hier voorgesteld is een betere voorspeller van ScvO2 dan
dat alleen CI of alleen StO2 dat is.
Introduction
Precisely evaluating oxygenation is a
troublesome task as it requires analysis
at both the systemic and microcirculatory level. Direct evaluation of tissue
health has been described as the Holy
Grail of resuscitation science [1]. There
is no reasonable method on the horizon
for directly assessing tissue health
reliably, continuously and minimally
invasive.
Recently, devices have come to market
that use near-infrared spectroscopy
(NIRS) to provide the user with continuous data on hemoglobin concentration and absolute (percentage) oxyhemoglobin saturation in the capillary beds
[2]. This allows for direct and continuous evaluation of oxygenation at the
tissue level. Possible measuring sites for
NIRS monitoring are the brain, kidney,
lower extremity, forearm, deltoid, masseter or thenar eminence [2,3]. For the
assessment of systemic oxygenation,
measurement at the thenar eminence
(NIRSth) minimizes variability and
increases sensitivity compared to the
other possible sites [2,3].
In clinical practice, global tissue oxygen
balance can be evaluated from three
different perspectives. First, from the
upstream perspective, global oxygen
delivery (DO2) can be calculated as the
product of cardiac output (CO), hemoglobin concentration and arterial oxygen saturation. Second, from the downstream perspective, aggregate oxygen
extraction can be estimated through
measurement of mixed venous oxygen
saturation (SvO2) or central venous oxygen saturation (ScvO2). Third, from the
tissue perspective, oxygenation can be
directly measured in one or more tissues
of interest through NIRS monitoring.
None of these perspectives provide a

Inclusion criteria
Major elective surgery
Age 65 or older
ASA classification III or IV, i.e.
severe cardiac, vascular, respiratory or metabolic illness
resulting in severe functional
limitation
Routine use of arterial and
central venous lines
Planned postoperative stay on
ICU or PACU

Exclusion criteria
Refusal of consent
Acute myocardial ischemia prior to enrolment
Patients receiving palliative treatment only
Disseminated malignancy
Patients unlikely to survive more than 6 hours
Emergency surgery
Transplantations
Neurosurgical patients
Patients undergoing extensive liver surgery
requiring low CVP management

ASA classification,American Society of Anesthesiologists physical status classification; ICU, intensive care unit; PACU, post anesthesia care unit; CVP, central venous
pressure
Table 1. Inclusion and exclusion criteria for the IOTO study (NCT01342900) [9]

full assessment of tissue health, yet each
method sheds light on another component in the complex macro-micro
interplay of tissue oxygenation.
The dependence between the macro
variables can be expressed formally.
According to the Fick principle SvO2
is equal to arterial oxygen saturation
(SaO2) minus the ratio between total
oxygen consumption and total oxygen
delivery [4]. From this follows the
observation that venous saturation
is a flow dependent variable: SvO2 is
directly and linearly dependent on CO.
The robustness and validity of the Fick
principle stem from the internal logic
of its construction. On the aggregate
level, total oxygen extraction must
necessarily be proportional to the ratio
between total delivery and total uptake.
This relationship does not hold on the
micro level. Oxygen uptake differs
greatly between tissue types, and the
microcirculation distributes blood flow
according to individual tissue demand.
The relationship between CO and StO2
can be expected to be much more ambiguous than the relationship between

cardiac output and mixed venous
saturation.
Indeed, the association between thenar
tissue saturation and cardiac output or
mixed venous saturation has proved
to be much less clear and clinically
straightforward [5-8]. Nevertheless,
NIRS monitoring does hold a certain
appeal. It is the only effect-site measurement of oxygenation currently available
and it is completely non-invasive. The
fact that it is not highly correlated to
macrohemodynamics might merely
imply that it contains different information.
From the clinician’s perspective, therefore, it is not at all clear what exactly
is being assessed by StO2 measurements. The purpose of this study was
to examine the trilateral relationship
between cardiac index (CI), StO2 and
ScvO2 in patients undergoing major
elective surgery. We were especially
interested whether CI influences StO2
and whether ScvO2 is (partially) reflected in StO2. By analyzing continuous
intraoperative data on these (and other)
variables we hope to shed light on the
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Variable
Age (years)
Gender (male)
BMI
ASA class
NYHA class
Type of surgery
Aorta
Oesophagus
Stomach
PPPD
Colon
Kidney
Urologic
Other
Preoperative Hb (mmol/l)

Median or n (N=33)
71 (69 to 76)
27 (81%)
26.6 (23.3 to 28.1)
3 (3 to 3)
2 (1 to 2)

Variable
ScvO2 (%)

12 (36%)
2 (6%)
4 (12%)
3 (9%)
4 (12%)
2 (6%)
4 (12%)
2 (6%)
7 (8.1 to 9.1)

CI (l/min/m2)

Values reported as median (1st to 3rd quartile) or n (%
of total); BMI, body mass index; ASA class, American
Society of Anesthesiologists physical status classification; NYHA class, New York Heart Association
functional classification; PPPD, pylorus-preserving
pancreatico duodenectomy; Hb, hemoglobin.
Table 2. Patient characteristics

usefulness of StO2 measurements in
assessing the intraoperative macrohemodynamic situation.
Subsequently we introduce a method
for the development of an index of
global tissue oxygenation using minimally invasive techniques. We propose
a model underlying the index and use a
limited dataset to estimate the parameter coefficients of the model. We have
tested the predictive value of this preliminary index against the best possible
alternative, venous oxygen saturation.

Materials and methods
We performed a secondary analysis
of data collected for the IOTO study
(NCT01342900) [9], which was designed to analyze the effects of intraoperative optimization of peripheral tissue
oxygenation on postoperative complications. In this randomized, prospective
pilot study 40 patients undergoing
elective major surgery were randomized
into a control group and a group undergoing protocolized intraoperative optimization of StO2 using dobutamine.
The inclusion and exclusion criteria are
listed in table 1. All patients underwent
routine anesthesia and mechanical
ventilation.

StO2 (%)

Overall

Mean
78.19

SD
7.12

Between

6.28

Within

3.77

Overall

2.65

0.57

Between

0.36

Within

0.42

Overall

83.60

7.90

Between

6.78

Within

4.06

Min
55

Max
98

Observations
Total
= 7509
Groups
= 33
T =
227.5

0.53

5.41

Total
= 7509
Groups
= 33
T =
227.5

51

96

Total
= 7509
Groups
= 33
T =
227.5

Note that ScvO2 and StO2 display more between-patient variance than within-patient
variance while CI displays relatively more within-patient variance. ScvO2, central venous
oxygen saturation; CI, cardiac index; StO2, tissue saturation at the thenar eminence.
Table 3. Variable characteristics

Recordings and measurements
StO2 was measured at the thenar
eminence using the InSpectra® device
(Hutchinson Technology, Hutchinson
MN, USA), which uses NIRS technology
to measure StO2. The device consists
of a monitor and a noninvasive sensor
which is placed on the thenar eminence
of the left or right hand. Light emitted
from a probe is partially absorbed by
tissues and partially reflected towards
a detector probe. The light follows a
concavely shaped path between the
transmitter and detector probes and the
device calculates the average oxygen
saturation of all in-between tissues [10].
ScvO2 was measured using the PreSep®
oximetry central venous catheter (Edwards Lifesciences, Irvine, USA) in the
vena cava superior, which uses reflection spectrophotometry to continuously
measure central venous blood oxygen
saturation.
CI measurements were obtained
through radial artery blood pressure waveform analysis by the FloTrac® Sensor
combined with the Vigileo® device
(Edwards Lifesciences, Irvine CA,
USA). The integral of the pulse wave
is proportional to stroke volume and
can be used to estimate cardiac output
without external calibration.
StO2, ScvO2, CI and other peroperative

data (e.g. heart rate, pulse-oximetry derived arterial oxygen saturation (SpO2),
ventilator measurements) were continuously measured and logged using
the RUGLOOP® data-logging software
(Demed, Temse, Belgium).

Statistical analysis
The data were extracted and time-synchronized in Microsoft Excel and subsequently imported into STATA 12 IC
(StataCorp, College Station TX, USA).
All further processing and analyses were
done in STATA.
Continuous second-to-second data
were converted to minute-to-minute
data by eliminating 59 out of every 60
observations. Observations from the
first 5 minutes after measurement start
were discarded because measurements
from that timeframe are especially
artefact-prone. Observations after 360
minutes from the start of surgery were
discarded to eliminate the disproportionate weight of some extremely long
procedures (e.g. more than 800 minutes
in one instance).
The association between CI and StO2
was analyzed using regression on patient means and random-effects Generalized Least Squares (GLS) regression.
Trending agreement between CI and
StO2 was calculated using Four-Qua-
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Figure 1. Left: Scatterplot of patient-mean StO2 versus patient-mean
CI. Slope estimate obtained using OLS regression. Right: Scatterplot
of all CI and StO2 observations in the dataset. Slope estimate obtained
using random-effects GLS regression.

Figure 2. Four-quadrant plots of 5-minute (left) and
60-minute (right) trends in StO2 and CI. 5-minute trend
concordance is 56%, 60 minute trend concordance is 73%.

Figure 3. Left: Scatterplot of patient-mean CI versus patient-mean ScvO2. Right: Scatterplot of patient-mean
StO2 versus patient-mean ScvO2. Slope estimates obtained using OLS regression.
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Multivariate random-effects GLS regression, robust SE
ScvO2 = β0 + β1 CI + β2 StO2
R2 within
R2 between
R2 overall
Wald χ2
P > χ2

0.22
0.09
0.11
51.31
0.0000

ScvO2
CI
StO2
Constant

Coef.
3.96
0.174
53.3

Number of groups
Number of obs.

Std. Err.
0.563
0.0657
6.58

Z
7.02
2.65
8.10

33
7509

P
0.000
0.008
0.000

ScvO2, central venous oxygen saturation; CI, cardiac index; StO2,
tissue saturation at the thenar eminence.
Table 4. ScvO2 regression on CI and StO2

drant plots of 5-minute and 60-minute
trends.
To compare the predictive potential of
CI and StO2 on ScvO2, we performed
regressions of per-patient timeaveraged ScvO2 on CI and StO2 in an
ordinary least squares (OLS) model and
continuous ScvO2 on CI and StO2 in a
random-effects GLS model.
To develop and then test a minimally
invasive ‘Index of Oxygenation’ (IO),
the dataset was split by randomizing
each patient into an estimation or
validation subsample. Randomization was stratified by type of surgery.
Standardized ScvO2 was modeled on
standardized CI, StO2, heart rate (HR),
fraction of inspired oxygen (FiO2) and
mean arterial pressure (MAP) in a Generalized Estimating Equation (GEE,
which fits population-averaged effects)
using only the estimation sample. The
estimation results were translated into
IO, which was then tested on the validation sample using random-effects GLS
regression. Bland-Altman plots and
Four-Quadrant plots were used to analyze static and trending agreement with
ScvO2. We chose to test concordance on
5-minute trends and 60-minute trends
because 5 minutes is the minimum clinical timespan for monitoring of systemic
oxygenation and 60 minutes reflect
longer-term intraoperative effects such
as blood loss and slow hemodynamic
deterioration.
All regression analyses were checked
for normality and homoskedasticity.
Standard errors were calculated using
robust or bootstrap estimation where
necessary.

Results
Patients, clinical characteristics and data
In 6 out of a total of 40 patients enrolled in the study either CI or ScvO2
was not measured. One patient was
removed from the sample because of
highly improbable and noisy ScvO2
measurements (i.e. persistently < 25%).
The characteristics of the remaining
33 patients are summarized in table 2.
The 33 patients were monitored for
an average duration on 227.5 minutes,
giving 7509 observations in total.
Mean values of ScvO2, CI and StO2, as
well as variance-components separation within- and between- patients is
specified in table 3. ScvO2 and StO2
display more between-patient variance
than within-patient variance while CI
displays relatively more within-patient
variance.
The association between CI and StO2
An OLS regression of per-patient timeaveraged StO2 on CI (figure 1) results
in a line slope of 5.29 (p = 0.11; 95%CI
-1.24 to 11.82; R2 = 0.08). Random-effects
GLS regression of StO2 on CI (using
all measurements) (figure 1) results in a
line slope of -1.08 (p = 0.15; 95%CI –2.54
to 0.377; within-R2 0.01). We could not
establish a positive significant relationship between CI and StO2, either on a
within- or between patient basis. This
result is robust throughout different
estimation models and model specifications. Using Four-Quadrant plots
(figure 2), 5-minute trend concordance
between CI and StO2 is 56% and 60-minute trend concordance is 73% (note
that 50% trend concordance represents
a completely random pattern).

CI and StO2 as predictors of ScvO2
Figure 3 shows plots of patient-mean
ScvO2 against patient-mean CI and
StO2 for all 33 patients. The slope of
the relationship between mean CI and
mean ScvO2 is 3.09 (P = 0.31; 95%CI -3.11
to 9.31; R2-between = 0.03). The slope
of the relationship between mean StO2
and mean ScvO2 is 0.29 (P = 0.03; 95%CI
0.02 to 0.57; R2-between = 0.10). Patientmean StO2 is thus significantly associated with between-patient variability in
ScvO2, while patient-mean CI is not.
Plots of individual ScvO2 measurements
against CI and StO2 are shown in figure
4. All 7509 measurements are included.
The regression lines were obtained
using random-effects (GLS) regression
with bootstrap standard error estimation. The slope of the within-patient
relationship between CI and ScvO2 is
3.77 (P = 0.000; 95%CI 2.71 to 4.82; R2within = 0.18, R2-between = 0.03). The
slope of the within-patient relationship
between StO2 and ScvO2 is 0.127 (P =
0.058; 95%CI = -0.015 to 0.269; R2-within
= 0.02, R2-between = 0.10).
We also performed a multivariate random-effects GLS regression of ScvO2
on CI and StO2 together. The results
are shown in table 4. Both variables enter into the regression significantly. The
coefficients for CI and StO2 are 3.96 (p
= 0.000) and 0.174 (p = 0.008), respectively. The fact that StO2 enters into the
multivariate regression significantly
can be contrasted to the fact that it did
not attain significance in the univariate
regression.
Estimating ScvO2 from CI and StO2
To further explore the three variables’
interaction with one another we have
modeled ScvO2 on CI, StO2 and three
other major hemodynamic variables
HR, FiO2 and MAP. Estimation and
validation of the model was done on
separate samples from the complete
dataset, whereby each patient was randomized into either the estimation- or
validation sample.
All variables were standardized, and
the model was estimated using a GEE
model. The results are summarized in
table 5. All variables enter significantly
into the model. The standardized coefficients of CI and StO2 are 0.17 (p =
0.000; 95%CI 0.09-0.25) and 0.24 (p =
0.002; 95%CI 0.09-.40), respectively,
indicating a slightly larger predictive
value of StO2 on a population averaged
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Figure 4. Left: Scatterplot of all (7509) CI and ScvO2 measurements. Right: Scatterplot of all StO2 and ScvO2 measurements.
Slope estimates obtained using random-effects GLS regression.

Figure 5. Complete tracing of intraoperative ScvO2 measurements and Index of Oxygenation (IO) ScvO2 prediction based on CI, StO2, HR, FiO2 and
MAP for two patients in the validation sample.

Figure 6. Bland-Altman plot of agreement between ScvO2 and IO. The 95% limits of agreement (of individual
measurements) are -14.7% to 16.9%. IO, index of oxygenation based on CI, StO2, HR, FiO2 and MAP.
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Figure 7. Four-Quadrant plots of ScvO2 trends versus IO trends on a 5-minute and 60-minute basis. 5-minute trend concordance is 79% and
60-minute trend concordance is 90%. IO, Index of oxygenation based on based on CI, StO2, HR, FiO2 and MAP

basis (difference between coefficients
not significant: χ2(1) = 0.99, p = 0.32).
The model was translated into a linear
prediction, which was then scaled back
to the mean (78.5) and SD (6.49) of
ScvO2 in the estimation sample.
Figure 5 displays the complete intraoperative ScvO2 data and the IO prediction based on CI, StO2, HR, FiO2 and
MAP measurements for two patients in
the validation sample. At a glance, a lot
of the intraoperative ScvO2 variation is
accurately ‘captured’ by IO.
Random-effect GLS regression of ScvO2
on IO yields a within- and between-R2
of 0.24 and 0.31, respectively (table 6).
Figure 6 shows a Bland-Altman plot
of the difference between ScvO2 and
IO measurements against the average
of those measurements. Its 95% limits
of agreement were calculated using
standard errors adjusted for multiple
measurements as described by Bland
and Altman [11,12]. The mean difference
or bias between ScvO2 and IO is 1.07%.
The 95% limits of agreement are -14.7%
to 16.9%. Figure 7 shows four-quadrant
plots for 5-minute trends and 60-minute trends. ScvO2 trends (ΔScvO2) are
plotted against IO trends (ΔIO) and
the concordance (the correct match of
positive-positive or negative-negative
trending between the two variables)
was calculated. An exclusion zone of
-4% to +4% around the center of the
plot was established to discount randomly distributed small delta’s [13,14].

4% was chosen because absolute trends
smaller than 4% are often clinically
irrelevant. Concordance for 5-minute
and 60-minute trends was 71% and 90%,
respectively.

Discussion
The association between CI and StO2
We could not establish a significant positive association between StO2 and CI,
a robust finding under different testing
methods and specifications. This could
theoretically be a consequence of inaccurate CI measurements as the reliability of the FloTrac-Vigileo® device has
been disputed [14,15]. That, however,
seems unlikely as we did find a strong
positive and highly significant association between the same CI measurements
and ScvO2. Trend concordance between
CI and StO2 was almost completely
random (56%) on a 5-minute basis but
significantly higher (73%), although still
weak, on a 60-minute basis.
It appears that, contrary to general expectations, StO2 cannot be considered a
flow-dependent variable within the timeframe of this study. This raises some
doubts about whether StO2 can be used
as a non-invasive proxy estimate for
ScvO2 in the perioperative setting. Our
findings support the notion that StO2
and ScvO2 do not reflect the same underlying hemodynamic and metabolic
situation [16].
StO2 and CI as predictors of ScvO2
We have compared the predictive

power of StO2 and CI for ScvO2 on a
between- and within-patient basis.
It seems that CI is a better predictor
of within-patient ScvO2 differences,
while StO2 is a better predictor of
between-patient ScvO2 differences. The
within/between dichotomy should be
interpreted within the framework of
our study design and population. Our
patients were monitored for a relatively
short duration (on average 227 minutes)
when compared to, for example,
critically ill patients admitted to an
intensive care unit for several days.
The regression analyses show a strong
positive association between CI and
ScvO2, especially on a within-patient
basis. This corresponds to the theoretical concept that, given near-constant
hemoglobin concentration and arterial
oxygenation, CI is the major determinant of systemic oxygen delivery. The
association between CI and ScvO2 has
been demonstrated in the literature
[14,15].
Previous studies on the StO2-ScvO2 relationship were done almost exclusively
in critically ill patients with sepsis, septic shock or systemic inflammatory response syndrome. The results from these
studies on the relationship between
StO2 and ScvO2 appear ambiguous, as
some studies find moderate but significant associations between StO2 and
ScvO2 in surgical and septic patients
[6,8], while other studies find no relationship in some of the same patient populations [7,16]. The ambiguity of these
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GEE modeling procedure, bootstrap SE
Gaussian link function, exchangeable correlation structure
[ScvO2] = β1 [CI] + β2 [StO2] + β3 [HR] + β4 [FiO2] + β5 [MAP]
Wald χ2
P > χ2

89.29
0.0000

[ScvO2]†
[CI]†
[StO2]†
[HR] †
[FiO2] †
[MAP] †

Std. Coef.
0.173
0.244
0.236
0.161
0.0733

Number of groups
Number of obs.
Std. Err.
0.0408
0.0790
0.0443
0.0417
0.0230

Z
4.23
3.08
5.34
3.86
3.18

16
3819
P
0.000
0.002
0.000
0.000
0.001

† […] denote standardized variables (µ = 0, SD = 1)
GEE, Generalized Estimating Equation; ScvO2, central venous oxygen
saturation; CI, cardiac index; StO2, tissue saturation at the thenar
eminence; HR, heart rate; FiO2, fraction of inspired oxygen; MAP,
mean arterial pressure.

Random-effects GLS regression
ScvO2 = β0 + β1 IO
R2 within

0.24

R2 between
R2 overall
Wald χ2
P > χ2

0.31
0.22
1041
0.0000

ScvO2
IO
Constant

Coef.
0.448
42.74

Number of
groups
Number of obs.

Std. Err.
0.0139
1.83

Z
32.27
23.31

16
3388

P
0.000
0.000

ScvO2, central venous oxygen saturation; IO, index of
oxygenation based on CI, StO2 HR, FiO2 and MAP.
Table 6. ScvO2 regression on Index of Oxygenation

Table 5. GEE modeling ScvO2 on StO2, CI, HR, FiO2 and MAP

previous findings is hardly elucidated
by our own results. We found that StO2
is only predictive of between-patient
mean ScvO2 differences, and even on
that basis the predictive power of StO2
was not very strong (R2-between = 0.10).
It is worth noting that the association
between StO2 and patient-mean ScvO2
is statistically significant, but perhaps
clinically less relevant when used as
a standalone measure. StO2 explains
only 10% of between-patient ScvO2
variance and the dispersion around the
regression line is substantial (figure 3).
A previous study did find significant
trend concordance between StO2 and
SvO2, but the authors did not report
the timeframe of these trends (6). Perhaps StO2 reflects within-patient ScvO2
only over a longer timespan than used
in our study.
Synthesis of the ScvO2-StO2-CI relationship
and clinical relevance
Our study is the first to explore the relationship between StO2 and ScvO2 on
a continuous within-patient basis. We
have found that StO2 is not influenced
by CI, while StO2 does appear to be
significantly associated with ScvO2. We
suspect that StO2 measurements mostly
convey information on microcirculatory integrity. The microcirculatory
autoregulation of the thenar muscles
adapts blood flow so that tissue oxygen
saturation is maintained at a steady level
under short-term CI variation. Only a
persisting and sufficiently large change
in systemic oxygen balance or an insult
to the microcirculatory functioning

(e.g. sepsis or vasoactive medication) is
reflected in StO2. This would explain
both the between-patient predictive
power of StO2 on ScvO2 and the casual
observation that StO2 follows long
term – but not short term – trends in
ScvO2. Indeed, the concept of StO2 as a
measure of microcirculatory integrity
is confirmed by other evidence in the
literature, such as the finding that StO2
is able to differentiate between survivors and non-survivors of septic shock
among patients with the same macrohemodynamic characteristics [17].
As much as StO2 falls short of expectations in predicting within-patient
ScvO2 variability, so CI falls short of
expectations in predicting betweenpatient ScvO2 differences. Theoretically
CI is one of the major determinants of
systemic oxygen delivery and should be
able to explain at least some variability
in between-patient mean ScvO2 differences. This appears not to be the case
in our study population (R2-between
= 0.03). A possible explanation for
this phenomenon could be found in
the (un)reliability of the ScvO2 and CI
measurements. Central venous oxygen
saturation (ScvO2) is known to be less
accurate in comparing between-patient
global oxygen extraction than mixed
venous oxygen saturation (SvO2) [10,11].
Also, the reliability of the FloTrac-Vigileo® system used for CI measurements
has been disputed as most validation
studies find limits of agreement in excess of 30% [14,15], although agreement
with invasive thermodilution techniques was found to be improved after

the latest update of software algorithms
[18] which were used in the present
study.
Altogether, these findings raise the
question as to whether StO2 and CI can
be used as effective standalone gauges
of systemic oxygenation, even in narrowly specified clinical settings such
as major elective surgery. Instead, we
propose an approach to systemic oxygenation monitoring that combines both
measurements, thereby utilizing the
between-patient predictive power of
StO2 and the within-patient predictive
power of CI.

Minimally invasive prediction
of ScvO2
Because central venous catheterization
for ScvO2 measurement is a relatively
risky procedure, it would be very
practical if ScvO2 could be reliably
approximated using minimally invasive
technology. We have constructed a
model ‘index of oxygenation’ (IO)
based on CI, StO2, HR, FiO2 and MAP
to test whether and how these variables
combined can be used as a proxy estimate of ScvO2. The method we used to
construct our IO should only be seen as
a proof of concept. It has the advantage
of making IO a relatively simple function of these five variables. There are,
however, surely many more advanced
procedures to construct an oxygenation
index based on these or more variables.
Here we merely want to demonstrate
the principle that (invasive) ScvO2
measurement can be approximated by
an efficient combination of minimally-
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invasive and non-invasive methods. The
index presented here was constructed
and validated on data from an intraoperative setting. It is not at all clear that
the modeling parameters derived in
this study are also applicable in other
clinical settings.
Our model takes a linear form for
clarity and ease of estimation. The coefficients were estimated on a population-averaged (i.e. neither within- nor
between-patient) basis using a GEE
modeling procedure. The fact that both
CI and StO2 enter significantly into
the GEE (p < 0.01) suggests that both
variables add independently to the best
estimation of ScvO2 on a populationaveraged level.
We have tested the model index for
agreement between individual ScvO2
and IO measurements and trend
concordance. The Bland-Altman plot
shows wide dispersion around perfect
agreement. The calculated 95% limits
of agreement are -14.7% to +16.9%.
This range is arguably large for reliable
clinical estimation of ScvO2. However,
IO does appear to reflect ScvO2 trends
quite accurately as can be seen from
the data plotted in (figure 5) and the
four-quadrant plots (figure 7). Concordance for 5-minute and 60-minute
trends was 71% and 90%, respectively.
IO thus seems to reflect longer-term
ScvO2 trends better than short-term
trends. As can be seen in the fourquadrant plot, larger ScvO2 trends

are better reflected in IO than smaller
trends.
Clinical relevance and future perspectives of the modeling approach
Statistical modeling is a departure from
theory-based combinatory of clinical
measurements. We have made a statistical calculation on how to combine two
or more variables to predict another. In
this respect, statistical modeling is very
different from, for example, estimating
cardiac output on the basis of the Fick
principle, where the physiological theory forms the calculation framework.
In this report we have introduced a method to efficiently combine minimally
invasive measurements to estimate
systemic oxygen balance as approximated by ScvO2. The resulting ‘index of
oxygenation’ (IO) is a better estimator
of ScvO2 than either CI or StO2 alone.
IO could be put to use in situations
where the clinician needs to (continuously) monitor systemic oxygen
balance without a central venous or
pulmonary artery catheter. The calculation of IO out of CI and StO2 is somewhat cumbersome to perform by hand
but can be very easily implemented in
standard patient monitors or handheld
devices.
In developing our model, we have used
data from 33 patients undergoing major
elective surgery, a very narrowly defined
clinical setting. We have estimated and
validated our model in separate sub-

samples of the same dataset. This may
lead to overly optimistic validation results. Before IO can put to use clinically,
its parameters need to be estimated on
a larger, broader dataset and validated
on a separate dataset. Furthermore,
it needs validation in a multitude of
different clinical environments. For
example, the effects of microcirculatory
impairment in septic shock may alter
the predictive effects of IO.

Conclusion
We have found no relationship between
StO2 and CI. This appears contrary to
the notion of StO2 as a flow dependent
variable and casts doubt on the usability of StO2 as a standalone non-invasive
marker of systemic oxygen balance in
high risk surgery. We hypothesize that
StO2 is a gauge of microcirculatory
functioning more than a measure of
systemic oxygen balance.
To make use of the apparently different
information contained in CI and StO2,
we have combined three upstream
hemodynamic measurements (CI, HR
and MAP) with an exogenously controlled variable (FiO2) and a tissue level
measurement (StO2) in a multivariate
model. IO is a better estimator of ScvO2
than either CI or StO2 alone. IO could
be used for minimally invasive monitoring of systemic oxygenation in clinical
situations without an indication for
a central venous or pulmonary artery
catheter.
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