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Almost 10 years ago, Reich and coworkers stated that
“although numerous studies have examined the rela-
tionship between preoperative risk factors and adverse
outcomes, the effect of intraoperative hemodynamic
abnormalities on adverse outcomes has been less well
defined“ [1]. Meanwhile the number of patients under-
going cardiac surgery approaches 1.000.000 per year
worldwide [2] and the percentage of patients undergo-
ing high-risk cardiac surgery as well as the age and the
comorbidities of the patients are rapidly increasing [3].
Despite this, the literature on the effects of intraopera-
tive hemodynamics on outcome of patients undergoing
cardiac surgery remains sparse. 

However, such information is a prerequisite to de-
termine which type of monitoring should be used and
which hemodynamic goals should be aimed for in pa-
tients undergoing surgery, keeping in mind that any
monitoring device has inherent specific risks, and
these specific risks have to be weighted against the po-
tential benefit that can be achieved by monitoring a
specific variable and by treating a patient accordingly. 

It is of note, that monitoring per se will never
change outcome. Thus it is not astonishing that the use
of many monitoring devices has been associated with
a worse prognosis: the still most prominent example
for this is the pulmonary artery catheter (PAC) [4];
however, a comparable association has recently been
established for transoesophageal echocardiography
(TOE) during CABG procedures in a prospective, ob-
servational trial including 4900 patients [5]. Of note,
the use of a PAC was associated with a reduction in
mortality in this study.

Consequently, an answer to the question “which
kind of monitoring should we use during cardiac sur-
gery?” should not only take into account the principal
capabilities and risks of the available devices but –
more important – if the respective devices really tell us
what we need to know for the optimal treatment of our
patient. The latter obviously requires scientific proof
which factors are associated with a worse outcome and
that treating a hemodynamic abnormality to a specific

goal ultimately leads to improved outcome in terms of
morbidity and mortality. Additionally, it remains to be
determined, if the monitoring systems currently used
are really sufficient to achieve this goal. 

Regional monitoring 

Even major changes in organ and tissue perfusion may
occur despite seemingly “normal” hemodynamics.
Riddez and coworkers have shown that an acute blood
loss of 20% of blood volume in healthy volunteers
may not be detectable from changes in heart rate or ar-
terial pressure, despite being associated with pro-
nounced changes in cardiac stroke volume, renal and
liver blood flow [6]. Comparable observations have
been reported by Hamilton-Davies and coworkers in
healthy volunteers [7] and in patients undergoing car-
diac surgery [8]. Obviously, mean arterial blood pres-
sure as well as a normal blood pressure do not rule out
organ (gastrointestinal and renal) hypoperfusion.

Based on the assumption that hypoperfusion of the
splanchnic region may be an important trigger for the
subsequent development of multi-organ-dysfunction
and sepsis in patients undergoing cardiac surgery, sev-
eral groups have studied splanchnic perfusion periop-
eratively by measuring gastric mucosal pH (pHi)
and/or the systemic to gastric mucosal carbon dioxide
gap. Several studies have clearly shown that splanch-
nic hypoperfusion occurs during ON- as well as OFF-
pump cardiac surgery [9,10]. However, the results re-
garding the influence of splanchnic hypoperfusion on
outcome after cardiac surgery are controversial
[11,12]. The most recent study [13] came to the con-
clusion that the perfusion of the splanchnic region as
detected by saline-tonometry within the first 24h after
surgery is not related to postoperative mortality and
that global hemodynamic parameters, especially in-
creased mean pulmonary arterial pressure and low ar-
terial blood pressure were much better predictors of
outcome. Consequently, at least at present, routine
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monitoring of splanchnic perfusion by means of gas-
tric mucosal tonometry and titrating therapy accord-
ingly cannot be generally recommended. 

Standard monitoring

There is general consensus, that the standard monitor-
ing of cardiac surgery patients should include a 2 lead
ECG (i.e. lead II and V), preferably with ST-analysis,
invasive arterial blood pressure and central venous
pressure, continuous transcutaneous oxygen satura-
tion, body temperature, and urine flow [14]. While
ECG, oxgen saturation sensors, and temperature
probes - if used appropriately - are clearly without any
risk for the patient, the use of a central venous (CV)
and arterial lines has typical risks and complications.
However, while the use of a CV-line is without doubt
in patients often needing high doses of vasopressors,
inotropic drugs and many other substances that may
lead to phlebitis and subsequent tissue damage, if giv-
en via a peripheral venous line, the sites available for
arterial puncture differ with respect to the potential
complications. Despite being low, the risk of perma-
nent ischemic damage is twice as high for the femoral
in comparison with a radial approach [15]. 

Extended monitoring for the systemic circulation

The current guideline for hemodynamic monitoring
and therapy [14] gives recommendations for the use of
extended monitoring of the systemic circulation in pa-
tients after cardiac surgery. No comparable guidelines
for the intraoperative period are available. Conse-
quently, it may be rational to apply the monitoring sys-
tems suggested for the postoperative period already in
the operating room.

The devices suggested by the guideline [14] for
monitoring the systemic cardiovascular system - that
may also be used intraoperatively - are: TOE, pulse
contour analysis (combined with transpulmonary ther-
modilution), and the PAC. 

Transoesophageal echocardiography

A detailed description of the technology is well be-
yond the scope of the present manuscript. Thus I will
only add some thoughts regarding the use of TOE as a
monitoring device. 

TOE may simply be used to measure valve func-
tion, wall motion, cardiac output and cardiac filling,
semi-invasively. However, an experienced investigator
may be capable of detecting even the most subtle alter-
ations in cardiac structure and physiology as well as
derive a relevant number of additional hemodynamic
variables that may be useful to guide therapeutic deci-
sions. Consequently, the use of transoesophageal
echocardiography has an important impact for the
management of cardiac surgery patients, either during
surgery as well on the ICU [16,17]. 

However, no prospective, randomized study is
available showing that the use of intraoperative TOE
does indeed reduce morbidity and/or mortality. In con-
trast, in line with observations in postoperative pa-
tients [16], a recent observational trial suggests that
the intraoperative TOE – in a multivariate analysis ad-
justing for preoperative risk factors, age, surgical com-
plications, and duration of CPB – is associated with a
worse outcome [5]. This may – at least in part - be re-
lated to the fact that the data used for this study were
gathered almost 10 years ago and cardiac anesthetists
were not as familiar with this technology at that time
in comparison with nowadays. Alternatively, the as-
tonishing association of using a powerful diagnostic
tool like TOE and a worse clinical outcome simply un-
derlines the fact that it is not the diagnosis but the ad-
equate therapeutic decision based on this information
that may improve outcome. 

Devices for pulse contour analysis and 
transpulmonary thermodilution

The topic will be handled in detail elsewhere. In short,
these systems may be used for the continuous determi-
nation of CO, stroke volume, and functional preload
by means of pulse pressure and stroke volume varia-
tion, as well as the intermittent determination of vari-
ous volumetric preload indices. 

Pulmonary artery catheter

Pulmonary artery flotation catheters have a longstand-
ing history in the management of the critically ill and
patients undergoing major and cardiac surgery. The
PAC may be used for the intermittent or semi-continu-
ous determination of CO, intermittent or continuous
determination of SvO2, intermittent measurement of
pulmonary capillary occlusion pressure, and the con-
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tinuous monitoring of pulmonary artery pressures.
Within the last years there is a continuous decline in
the number of PACs used in the field of anaesthesiol-
ogy and intensive care medicine following a retrospec-
tive study coming to the conclusion that the use of the
PAC in critically ill patients increases mortality [4].
Subsequent large prospective trials failed to confirm
this conclusion, but, however, PAC use did also not
show any beneficial effects on outcome [18,19,20].
Unfortunately, these studies either failed to achieve the
predefined hemodynamic goals [18], used inappropri-
ate goals [19], or simply failed to use any reasonable
treatment algorithm [20]. Consequently, these studies
do not answer the question if the PAC may be benefi-
cial, if used appropriately in cardiac surgery patients.
It is of note in this context that the largest trial on he-
modynamic optimization in cardiac surgery patients
showing clearly beneficial effects of this approach on
outcome was performed using a PAC [21] 

This may – at least in part - explain why PACs are
still the monitoring device most frequently used in
German cardiac surgery ICUs for patients with postop-
erative cardiocirculatory dysfunction [22] and recom-
mended by the current guideline for postoperative
management for patients with combined coronary and
valve surgery as well as patients with pulmonary arte-
rial hypertension and right heart dysfunction [14].

What do we need to know?

The hemodynamic variables given by the guideline for
the postoperative management of cardiac surgery pa-
tients [14] are: 
– Flow related variables: cardiac output (CO), central

or mixed venous oxygen saturation (ScvO2 and
SvO2)

– Preload variables (CVP, intrathoracic blood volume,
global enddiastolic volume, left ventricular enddias-
tolic area)

– Organ function related variables: lactate, urine flow

Trying to determine which variations of standard
hemodynamic variables (arterial blood pressure, cen-
tral venous pressure, and heart rate) are relevant for the
intraoperative management of cardiac surgery pa-
tients, a mean arterial blood pressure lower than 60
mmHg and a central venous pressure greater than 15
mmHg upon admission to the ICU have been shown to
be associated with mortality in elderly patients under-
going cardiac surgery [23]. Comparably, hypotension

(MAP < 50 mmHg) during CPB was a moderate risk
factor for mortality [1]. While it is not astonishing that
overt hypotension is associated with a worse outcome,
the optimal blood pressure during cardiac surgery is
more difficult to define. Very recently, Gottesmann
and coworkers have shown a significant correlation
between the maximal difference between pre- to intra-
operative arterial blood pressure changes and a postop-
erative decline in cognitive function in patients with a
high risk for stroke [24]. Moreover, Gold and cowork-
ers have shown improvements in combined cardiac
and neurological outcome if mean blood pressure dur-
ing CPB was increased to 80 to 100 mmHg [25]. Fur-
thermore, recent observational data are suggestive that
adapting perioperative blood pressure according to the
preoperative baseline may reduce complications [17]. 

Reich and coworkers observed that pre-CPB tachy-
and bradycardia were predictors of postoperative myo-
cardial infarction while post-CPB tachycardia was a
independent predictor of mortality (odds ratio: 3,1) in
a prospective trial including more than 2000 CABG
patients [1]. Olthof et al observed that intraoperative
ST-changes were associated with mortality [26]. 

Taken together, and in line with the recent guide-
lines for the postoperative care of cardiac surgery pa-
tients [14] these data suggest, that maintaining a mean
arterial higher than 65 mmHg and a heart rate < 80
bpm (or even lower [27]) and avoiding ST-shifts may
be appropriate goals for intraoperative hemodynamic
management.

One of the most frequently used variables in the
management of cardiac surgery patients is cardiac out-
put [22]. However, this is a “physiologically regulat-
ed” variable and directly related to the individual
metabolic needs. Consequently, CO is subject to rapid
changes during the perioperative course [28] and
should at best be interpreted in terms of the adequacy
of oxygen delivery and demand (i.e. SvO2). In line
with this physiological assumptions and the exception
of severe low output states, various studies have failed
to show an association between CO and postoperative
outcome [23,29,30,31]. Consequently, CO per se may
not be an appropriate target for hemodynamic opti-
mization.  

In line with these considerations the systemic he-
modynamic variables that have repeatedly been asso-
ciated with mortality and morbidity after cardiac sur-
gery are oxygen delivery and SvO2 as a measure for
the adequacy of oxygen delivery and demand [23, 32,
33] and cardiac stroke volume (SV) [23,30]. Interest-
ingly, these two variables are among the few hemody-
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namic goals that have been shown to improve outcome
(hospital length of stay and morbidity) in patients un-
dergoing cardiac surgery in prospective randomized
trials [8,22]; an observation that is not astonishing
with respect to the fact that stroke volume is an (if not
the) most important hemodynamic variable in terms of
the baro-receptor mediated regulation of sympathetic
tone and vasoconstrictory hormonal responses (i.e. va-
sopressin and angiotensin II [33]) and thereby splanch-
nic and renal vascular resistance. 

An important and highly discussed issue regarding
hemodynamic management of cardiac surgery patients
is the question if measurements of SvO2 may be sub-
stituted by determinations of ScvO2, which would ren-
der PAC use unnecessary for determination of this im-
portant variable. The guideline for postoperative care
recommends that ScvO2 can be used in most instances
instead of SvO2 with respect to observational trials
showing a mean difference of only 5% between both
parameters in critically ill patients [14]. However, ac-
cording to very recent data, this may not be true in pa-
tients during cardiac surgery and that the individual
difference between SvO2 and ScvO2 may be much
higher in patients with a high oxygen extraction rate,
i.e. in patients presenting with cardiocirculatory dys-
function [34].  

Perspectives

Besides the hemodynamic variables presented so far,
very recent data on the monitoring of regional cerebral
oxygenation (rSO2) during cardiac surgery (by means
of near-infrared spectroscopy (NIRS)) suggest that
maintaining rSO2 in the preoperative range and pre-
venting a decrease of more than 20% may improve
neurocognitive function as well as reduce general
postoperative complications [35,36]. Comparable ob-
servations have been made in elderly patients undergo-
ing major abdominal surgery [37]. 

Interestingly, data in pediatric patients [38] and un-
published observations of our own group show close
to moderate correlations between SvO2 and rSO2,
suggesting, that the monitoring of rSO2 be used as
non-invasive alternative for monitoring the systemic
ratio between oxygen delivery and demand. However,
this was questioned by a recent publication from Dul-
lenkopf and coworkers that failed to show any clinical-
ly acceptable correlation between rSO2 and SvO2 in
adult cardiac surgery patients [39]. Consequently, this
issue requires further study.

Comparably, very recent data show a close correla-
tion and clinically acceptable limits of agreement be-
tween skeletal muscle tissue oxygenation (StO2) de-
termined by NIRS and SvO2 in patients with severe
heart failure [40], suggesting, that this technology may
be a non-invasive alternative for determination of
SvO2.

Conclusions

Intraoperative hemodynamics have a relevant impact
of outcome after cardiac surgery. Thus, in principal, it
may indeed be possible to improve morbidity (and
possibly even mortality) by choosing the right instru-
ments for monitoring the cardiocirculatory systems
and organs at risk for hypoperfusion. Unfortunately,
with the notable exception of urine flow as measure of
renal function, organ function monitoring is still far
from being clinically established and ready to be reli-
ably used in the operating room. So – at least at pres-
ent – variables of the systemic circulation remain the
parameters we can monitor and treat in a way that or-
gan dysfunction is least likely to occur. Basic physio-
logical and pathophysiological considerations suggest
that achieving and maintaining an arterial blood pres-
sure in the range the patient is accustomed to, a normal
heart rate, and an adequate blood volume and flow (de-
termined from stroke volume and the ratio between
oxygen delivery and systemic tissue oxygen demand)
may be the circulatory goals promoting adequate sys-
temic organ perfusion.

The available data on the effects of hemodynamics
on outcome after cardiac surgery as well as interven-
tional studies aiming for respective hemodynamic
goals are highly suggestive that this assumption is cor-
rect.

Disclosure of a potential conflict of interest

The author has received and continues to receive sci-
entific support and/or honoraria for lectures from the
following manufacturers of hemodynamic monitoring
systems: Edwards Lifesciences, Pulsion Medical, and
Tyco Healthcare.



10 M. Heringlake

References

1. Reich DL, Bodian CA, Krol M, Kuroda N, Osinski T, Thys DM
(1999) Intraoperative Hemodynamic Predictors of Mortality,
Stroke, and Myocardial Infarction After Coronary Artery Bypass
Surgery. Anesth Analg 89: 814-822

2. Cox JL (2001) Changing boundaries. J Cardiovasc Surg 122:
413-418

3. Horan PG, Leonard N, Herity NA (2006) Progressively increas-
ing operative risk among patients referred for coronary artery
bypass surgery. Ulster Med J 75: 136-140

4. Connors AF Jr., Speroff T, Dawson NV, Thomas C, Harrell FE
Jr., Wagner D, Desbiens N, Goldman L, Wu AW, Califf RM,
Fulkerson WJ Jr., Vidaillet H, Broste S, Bellamy P, Lynn J,
Knaus WA (1996) The effectiveness of right heart catheteriza-
tion in the initial care of critically ill patients. SUPPORT Inves-
tigators. Jama 276: 889-897

5. O’Brien MM, Shroyer AL, Moritz TE, London MJ, Grunwald
GK, Villanueva CB et al. (2004) Relationsship between process-
es of care and coronary bypass operative mortality and morbid-
ity. Med Care 42: 59-70

6. Riddez L, Hahn RG, Brismar B, Strandberg A, Svensen C,
Hedenstierna G (1997) Central and regional hemodynamics dur-
ing acute hypovolemia and volume substitution in volunteers.
Crit Care Med 25: 635-640

7. Hamilton-Davies C, Mythen MG, Salmon JB, Jacobson D,
Shukla A, Webb AR (1997) Comparison of commonly used clin-
ical indicators of hypovolaemia with gastrointestinal tonometry.
Intensive Care Med 23: 276-281

8. Mythen MG, Webb AR (1995) Perioperative plasma volume ex-
pansion reduces the incidence of gut mucosal hypoperfusion
during cardiac surgery. Arch Surg 130: 423-429

9. Sicsic JC, Duranteau J, Corbineau H, Antoun S, Menestret P, Sti-
bon P, Leguerrier A, Logeais Y, Ecoffey C (1998) Gastric mu-
cosal oxygen delivery decreases during cardiopulmonary bypass
despite constant oxygen delivery. Anesth Analg 86: 455-460

10. Velissaris T, Tang A, Murray M, El-Minshawy A, Hett D, Ohri S
(2003) A prospective randomized study to evaluate splanchnic
hypoxia during beating-heart and conventional coronary revas-
cularization. Eur J Cardiothorac Surg 23: 917-924; discussion
924

11. Fiddian-Green RG, Baker S (1987) Predictive value of the stom-
ach wall pH for complications after cardiac operations: compar-
ison with other monitoring. Crit Care Med 15:153-156

12. Kavarana MN, Frumento RJ, Hirsch AL, Oz MC, Lee DC, Ben-
nett-Guerrero E (2003) Gastric hypercarbia and adverse out-
come after cardiac surgery. Intensive Care Med 29: 742-748

13. Bams JL, Mariani MA, Groeneveld AB (1999) Predicting out-
come after cardiac surgery: comparison of global haemodynam-
ic and tonometric variables. Br J Anaesth 82: 33-37

14. Carl M, Alms A, Braun J et al. (2007) Guidelines for intensive
care in cardiac surgery patients: haemodynamic monitoring and
cardio-circulatory treatment guidelines of the German Society
for Thoracic and Cardiovascular Surgery and the German Soci-
ety of Anaesthesiology and Intensive Care Medicine. Thorac
Cardiovasc Surg 55: 130-148

15. Scheer B, Perel A, Pfeiffer UJ (2002) Clinical review: complica-
tions and risk factors of peripheral arterial catheters used for
haemodynamic monitoring in anaesthesia and intensive care
medicine. Crit Care 6: 199-204

16. Schmidlin D, Schuepbach R, Bernard E, Ecknauer E, Jenni R,
Schmid ER (2001) Indications and impact of postoperative
transesophageal echocardiography in cardiac surgical patients.
Crit Care Med 29: 2143-8 

17. Gold JP, Torres KE, Maldarelli W, Zhuravlev I, Condit D, Was-
nick J (2004) Improving outcomes in coronary surgery: the im-
pact of echo-directed aortic cannulation and perioperative hemo-
dynamic management in 500 patients. Ann Thorac Surg 78:
1579-1585 

18. Sandham JD, Hull RD, Brant RF, Knox L, Pineo GF, Doig CJ,
Laporta DP, Viner S, Passerini L, Devitt H, Kirby A, Jacka M
(2003) A randomized, controlled trial of the use of pulmonary-
artery catheters in high-risk surgical patients. N Engl J Med 348:
5-14

19. Wheeler AP, Bernard GR, Thompson BT, Schoenfeld D, Wiede-
mann HP, deBoisblanc B, Connors AF Jr., Hite RD, Harabin AL
(2006) Pulmonary-artery versus central venous catheter to guide
treatment of acute lung injury. N Engl J Med 354: 2213-2224

20. Harvey S, Harrison DA, Singer M, Ashcroft J, Jones CM, El-
bourne D, Brampton W, Williams D, Young D, Rowan K (2005)
Assessment of the clinical effectiveness of pulmonary artery
catheters in management of patients in intensive care (PAC-
Man): a randomised controlled trial. Lancet 366: 472-477

21. Poloenen P, Ruokonen E, Hippelainen M, Poyhonen M, Takala
J (2000) A prospective, randomized study of goal-oriented he-
modynamic therapy in cardiac surgical patients. Anesth Analg
90: 1052-1059

22. Kastrup M, Markewitz A, Spies C, Carl M, Erb J, Grosse J,
Schirmer U (2007) Current practice of hemodynamic monitor-
ing and vasopressor and inotropic therapy in post-operative car-
diac surgery patients in Germany: results from a postal survey.
Acta Anaesthesiol Scand 51: 347-358

23. Rady MY, Ryan T, Starr NJ (1998) Perioperative determinants of
morbidity and mortality in elderly patients undergoing cardiac
surgery. Crit Care Med 26: 225-235

24. Gottesmann RF, Hillis AE, Grega MA, Borowicz LM, Selnes
OA, Baumgartner WA, McKhann GM (2007) Early postopera-
tive cognitive dysfunction and blood pressure during coronary
artery bypass graft operation. Arch Neurol 64: 1111-1114

25. Gold JP, Charlson ME, Williams-Russo P, Szatrowski TP, Peter-
son JC, Pirraglia PA, Hartman GS, Yao FS, Hollenberg JP, Bar-
but D (1995) Improvement of outcomes after coronary artery by-
pass. A randomized trial comparing intraoperative high versus
low mean arterial pressure. J Thorac Cardiovasc Surg 110: 1302-
1311

26. Olthof H, Capella FJL, Bovill J, Koolen JJ, Moulijn AC, Lie KI,
Meijne NG (1983) Risk of operative mortality in surgery for
coronary heart disease. Thorac Cardiovasc Surgeon 31: 224-229 

27. Fillinger MP, Surgenor SD, Hartmann GS et al. (2002) The As-
sociation Between Heart Rate and In-Hospital Mortality After
Coronary Artery Bypass Graft Surgery. Anesth Analg 95: 1483 -
8

28. Heringlake M, Sedemund-Adib B, Grossherr M (2007) Unzeit-
gemäßes PAK-Monitoring? Kontinuierliches Monitoring von
kardialem Schlagvolumen und gemischt-venöser Sauerstoffsät-
tigung im Rahmen zielgerichteter hämodynamischer Kreis-
lauftherapie bei herzchirurgischen Patienten. Intensiv- Notfall
32: 131-137 

29. Poeze M, Ramsay G, Greve JW, Singer M (1999) Prediction of
postoperative cardiac surgical morbidity and organ failure with-



Hemodynamic monitoring in patients undergoing cardiac surgery 11

in 4 hours of intensive care unit admission using esophageal
Doppler ultrasonography. Crit Care Med 27: 1288-1294

30. Rady MY (2000) Prediction of postoperative cardiac surgical
morbidity and organ failure at admission to the intensive care
unit using esophageal Doppler ultrasonography. Crit Care Med
28: 3368-3369

31. Poloenen P, Hippelainen M, Takala R, Ruokonen E, Takala J
(1997) Relationship between intra- and postoperative oxygen
transport and prolonged intensive care after cardiac surgery: a
prospective study. Acta Anaesthesiol Scand 41: 810-817

32. Svedjeholm R, Hakanson E, Szabo Z (1999) Routine SvO2
measurement after CABG surgery with a surgically introduced
pulmonary artery catheter. Eur J Cardiothorac Surg 16: 450-457

33. Gabrielsen A, Sorensen VB, Pump B, Galatius S, Videbaek R,
Bie P, Warberg J, Christensen NJ, Wroblewski H, Kastrup J,
Norsk P (2000) Cardiovascular and neuroendocrine responses to
water immersion in compensated heart failure. Am J Physiol
279: H1931-1940

34. Sander M, Spies CD, Foer A, Weymann L, Braun J, Volk T, Gru-
bitzsch H, von Heymann C (2007) Agreement of central venous
saturation and mixed venous saturation in cardiac surgery pa-
tients. Intensive Care Med 33: 1719-1725

35. Murkin JM, Adams SJ, Novick RJ et al. (2007) Monitoring brain
oxygen saturation during coronary bypass surgery: a random-
ized, prospective study. Anesth Analg 104: 51-58

36. Goldman S, Sutter F, Ferdinand F, Trace C (2004) Optimizing
intraoperative cerebral oxygen delivery using noninvasive cere-
bral oximetry decreases the incidence of stroke for cardiac sur-
gical patients. Heart Surg Forum 7: E376- 381

37. Casati A, Spreafico E, Putzu M, Fanelli G (2006) New technol-
ogy for noninvasive brain monitoring: continuous cerebral
oximetry. Minerva Anestesiol 72: 605-625

38. Bhutta AT, Ford JW, Parker JG, Prodhan P, Fontenot EE, Seib
PM, Stroope BI, Frazier EA, Schmitz ML, Drummond-Webb JJ,
Morrow WR (2007) Noninvasive cerebral oximeter as a surro-
gate for mixed venous saturation in children. Pediatr Cardiol 28:
34-41

39. Dullenkopf A, Baulig W, Weiss M, Schmid ER (2007) Cerebral
near-infrared spectroscopy in adult patients after cardiac surgery
is not useful for monitoring absolute values but may reflect
trends in venous oxygenation under clinical conditions. J Car-
diothorac Vasc Anesth 21: 535-539

40. Podbregar M, Mozina H (2007) Skeletal muscle oxygen satura-
tion does not estimate mixed venous oxygen saturation in pa-
tients with severe left heart failure and additional severe sepsis
or septic shock. Crit Care 11: R6

G. H. Willital, E. Kiely, A. M. Gohary, D. K. Gupta, M. Li, Y. Tsuchida (Eds.)

ATLAS of CHILDREN’S SURGERY

AAttllaass  ffoorr  SSuurrggeeoonnss::  Latest edition on surgical procedures in children: for all surgeons operating children

11116633  IIlllluussttrraattiioonnss::  Surgical techniques are explained by 1163 illustrations, step by step.

NNeeww::  SSaaffeettyy  IInnssttrruuccttiioonnss  ffoorr  SSuurrggeeoonnss:: Points to be observed during surgery. How to avoid complications.
Based on the Europeon Databanc of Complications in Pediatric Surgery (EDBEC)

IInntteerrnneett  UUppddaatteedd  VVeerrssiioonn:: An updated version in the internet for purchaser of this book will be presented
free of charge initially: www.surgerychildrenatlas.com

NNeeww::  OOPP-DDiiggiittaall  VViiddeeooffiillmmss  -  OOPP-DDiiggiittaall  PPiiccttuurreess:: To the most frequent procedures digital video teaching
films are available on demand as well as intraoperative digital pictures.

552288  ppaaggeess,,  HHaarrddccoovveerr,,  IISSBBNN  997788-33-8899996677-112266-11,,  PPrriiccee::  8822,,-  EEuurroo  //  9988,,-  UUSS$$

PABST SCIENCE PUBLISHERS
Eichengrund 28, 49525 Lengerich, Tel. ++ 49 (0) 5484-308, Fax ++ 49 (0) 5484-550,

E-Mail: pabst.publishers@t-online.de
Internet: www.pabst-publishers.com / www.anaesthesie-intensivmedizin.com



12 D. A. Reuter

During the last years, several perioperative studies
predominantly in abdominal surgery have been pub-
lished, showing that a goal-directed hemodynamic
therapy beneficially influences clinical outcome (1,2).
The primary aim in those studies was to optimize left
ventricular stroke volume and cardiac output by step-
wise fluid loading.  The rationale behind it was to op-
timize cardiac preload, and thus, by using the Frank-
Starling mechanism, to increase blood flow. Against
the prevailing evaluation that rather a fluid restrictive
hemodynamic regimen was preferable in this group of
patients (3) those studies could demonstrate that this
goal-directed approach of optimizing preload and car-
diac output was associated with less post-operative
complications and a decrease in ICU stay compared to
control groups. Mc Kendry and colleagues then were
the first to demonstrate the effectiveness of such a pro-
tocol-driven regimen also in post-operative cardiac
surgery patients (4). Also here, this flow-optimizing
strategy resulted in a reduction in post-operative com-
plications, and in a reduction in length of stay on the
ICU. The first study to evaluate such a goal directed
treatment algorithm already in the perioperative period
was published recently by Goepfert et al (5). Here, the
key parameter besides cardiac output was the global
end-diastolic volume, a volumetric parameter of car-
diac preload. By using this treatment algorithm during
the entire peri- and post-operative period, ventilation
time could be shortened, the use of catecholamines
could be reduced and “fit for discharge from ICU” cri-
teria were fulfilled earlier compared to a matched pairs
control group. Thus, besides the assessment of cardiac
output, also volumetric measurement of cardiac pre-
load seems to be useful for optimizing perioperative
hemodynamic management. Further, functional pa-
rameters of cardiac preload and fluid responsiveness,
such as stroke volume variation or pulse pressure vari-
ation seem to additionally add valuable information
for optimizing fluid status (6). Just recently, a study by
Lopes and co-workers in surgical patients could

demonstrate the feasibility and usefulness of a hemo-
dynamic optimization based on pulse pressure varia-
tion used perioperatively (7).

Traditionally, pulmonary artery thermodilution
technique has been regarded as the clinical gold stan-
dard for cardiac output determination. However, less
invasive technical approaches, such as the transcar-
diopulmonary thermodilution or Lithium dilution
technique offer reliable and clinically feasible alterna-
tives (8). Further, the transcardiopulmonary thermodi-
lution technique allows assessing reliably cardiac pre-
load by quantifying the global end-diastolic volume,
being obviously superior to the cardiac filling pres-
sures CVP or PAOP (9). However, automated and con-
tinuous measurement of stroke volume and cardiac
output is desirable, on the one hand for titrating fluid
status, but also as the basis for assessing the function-
al preload parameters such as stroke volume variation.
For that, arterial pulse contour analysis has been
claimed to be a useful tool. The technique using a cen-
tral arterial signal, as for example measured in the
femoral artery and calibrated by a reference method
(i.e. transcardiopulmonary thermodilution) has been
investigated extensively clinically (8), and also vali-
dated recently versus an experimental gold standard
(10). However, it necessitates the cannulation of either
the femoral or the axillary artery and a calibration pro-
cedure with an indicator dilution technique. Just re-
cently, another technical approach, an auto-calibrating
arterial pulse contour device solely using the radial ar-
tery pressure signal has been introduced. However, re-
sults regarding the accuracy of those continuous car-
diac output measurements have been conflicting so far
in cardiac surgery patients (11,12). So, further studies
have to follow before a substantiated judgement upon
the clinical usefulness of this approach can be made.

Perioperative goal directed hemodynamic strate-
gies that are focussed on the optimization of preload
and cardiac output seem to be outcome-relevant in car-
diac surgery patients. Tools of advanced hemodynam-

Advanced hemodynamic monitoring in cardiac surgery: 
Esophageal doppler, transcardiopulmonary thermodilution, 
and pulse contour analysis

D. A. Reuter
Department of Anesthesiology, Hamburg-Eppendorf University Hospital, Hamburg, Germany
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ic monitoring, such as the continuous assessment of
cardiac output, the measurement of volumetric preload
and further the assessment of functional preload pa-
rameters, such as SVV or PPV, seem to be of valuable
use.    
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The most severe anaesthesia–related patient injuries
are death or permanent brain damage. During the peri-
od from 1975 to 2000, the proportion of claims for
death or permanent brain damage decreased from 56%
to 27% according to the American Society of Anesthe-
siologists (ASA) Closed Claims Project (1). This pos-
itive trend notwithstanding, from the approximately
one million patients worldwide who are undergoing
cardiac surgery each year, nearly half will likely expe-
rience persistent cognitive decline (2). It has been es-
timated that the costs for patients with stroke after
coronary artery bypass graft (CABG) surgery range
from $2-$4 billion annually worldwide (3). The same
processes that injure the central nervous system (CNS)
also appear to cause dysfunction of other vital organs.
Thus, there are enormous clinical and economic incen-
tives to improve CNS protection during cardiac sur-
gery.

The American Heart Association divides postoper-
ative neurological deficits after cardiac surgery into
two categories:
Type I – major focal neurological deficits, stupor, co-
ma with a mortality rate of 21%, and,
Type II – deterioration of intellectual functions, agita-
tion, or seizures, without evidence of focal injury (4),
with a mortality rate of 10% versus mortality rate of
2% in patients with no adverse cerebral outcome (5).

Clinical neurologic deficits after Cardiopulmonary
Bypass (CBP) in adults have been reported to occur in
1% to 5% of patients. The overall stroke rate in the
analysis of large cohorts is approximately 2% (3). The
incidence of subclinical postoperative neurologic dys-
function is 50% to 70%.(5). In the early postoperative
period (days after surgery), the incidence is as high as
80-90%, at 2-3 months following surgery it is 40%,
dropping to approximately 25% in 1 year (2). Early
cognitive loss, once thought to be transient, has now
been demonstrated to persist for up to 5 years after car-
diac surgery.

Factors contributing to brain injury during cardiac
surgery may be defined as:

1. Mechanical
– atheromatous emboli from manipulation of aorta
– lipid microemboli from recirculation of unwashed

cardiotomy suction 
– gaseous microemboli from air leakage and cavitation

2. Circulatory
– cerebral hypoperfusion from dysregulation 
– cerebral hyperperfusion 
– cerebral hyperthermia not only intraoperative, but

also during the early postoperative period

3. Genetic differences among the patients
– apolipoprotein genotype E (APOE) is linked to cog-

nitive decline after cardiac surgery (6). The genetic
variability affects both the susceptibility to injury as
well as the ability to recover following injury.

4. Intraoperative awareness and explicit recall dur-
ing general anaesthesia is another important con-
tributor to neurologic morbidity after cardiac sur-
gery. For cardiac surgery, the incidence of aware-
ness has been reported in various series to range
from 0.3% to 2,3%.(7, 8). Post-traumatic stress dis-
order, anxiety, nightmares, and depression are a few
examples of psychiatric syndromes associated with
intraoperative recall.

What can be done to prevent these very serious
problems?

Foremost is the protection of the brain by pharma-
cologic and nonpharmacologic means. 

In order to prevent injury, different neuromonitor-
ing strategies can be applied to provide timely warning
of new physiologic imbalances and to assess the pa-
tient’s response to corrective actions. Interventions
need not to be heroic to have a beneficial influence on
outcome. The key is to know which adjustment to
make and when to make it.

The other important goal of monitoring is to guide
systematic improvement in surgical, perfusion, and
anaesthetic technique (9).

Neuromonitoring in cardiac anaesthesia

I. Tzanova 
Klinik für Anästhesiologie, Klinikum der Johannes-Gutenberg-Universität Mainz, Germany
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The neuromonitoring techniques can be divided in-
to three categories.
First category: Transcranial Doppler (TCD) quantifi-
cation of cerebral arterial blood flow velocity, trans-
cranial near-infrared spectroscopic assessment of cere-
brocortical oxygen balance (NIRS), and, invasive
measurement of jugular venous oxygen saturation.
These methods provide indirect evidence of neurolog-
ic status by measuring basic substrates required for
brain functioning and the metabolites produced by cel-
lular activity.
Second category: Electroencephalography (EEG),
e.g., Bispectral Index Monitor (BIS) - they measure
spontaneous activity generated in the CNS.
Third category: Evoked Potentials - somatosensory
(SSEP), auditory (AEP) - they measure the response of
the nervous system to external stimuli.

TCD

Relying on the Doppler principle, the frequency shift
of the ultrasonic echo reflections from moving red
blood cells can be used to calculate the direction and
velocity of their movement. TCD does not provide a
direct measure of cerebral blood flow (CBF). TCD
measures velocity in the proximal segment of the mid-
dle cerebral artery (MCA). MCA provides 70% of the
blood flow to the ipsilateral cerebral hemisphere. In
absence of hemodilution, change in TCD velocity does
correlate closely with change in blood flow.

Both gas bubbles and particulate matter reflect
sound much better than red blood cells. TCD can pro-
vide a quantitative description of embolic process -
high-intensity transient signals (HITS) - their magni-
tude and time course. The presence of >50 microem-
bolic signals/hour during the early postoperative phase
is reported to predict the development of focal is-
chemia. With HITS reduction strategies such as intro-
duction of well-designed venous reservoirs and mem-
brane oxygenators, elimination of the partially occlud-
ing aortic clamp for proximal graft anastomosis and
the discontinuation of cardiotomy suction re-infusion,
a reduction in the average aggregate number of HITS
per CABG case from 10,000 to 86 has been achieved
(10). TCD has increased use in port-access surgical
procedures or endovascular clamping, allowing as-
sessment of flow from the aorta to the innominate ar-
tery and ensuring that the endovascular clamp has not
occluded it (11).

Pro’s: non-invasive, continuous monitor of cerebral
perfusion, able to detect clinically significant mi-
croembolisation and instantaneous changes in CBF.
Con’s: 10% of the patients cannot be assessed through
the temporal window, operator dependent, hemodilu-
tion, hypothermia, and alpha-stat acid-base manage-
ment accompanying CBP altered the relationship be-
tween CBF and velocity (12).

Jugular venous oxygen saturation SjvO2

Jugular venous oxygen saturation (SjvO2) provides an
indirect assessment of cerebral oxygen use, gives an
estimate of the balance of global oxygen delivery and
cerebral metabolism (13). Normal oxygen extraction
of the brain is 30-40% and normal range for SjvO2 is
60-70%. SjvO2 is an useful indicator of CBF provided
that the cerebral metabolic rate (CMR) is constant,
since it theoretically reflects the relationship between
global cerebral oxygen supply and global cerebral
oxygen demand (14). There is a significant correlation
between SjvO2 and cognitive dysfunction. Thus, Sj-
vO2 could be a predictor of postoperative cognitive
decline. In patients with postoperative cognitive de-
cline, the intraoperative SjvO2 was higher than in
those without cognitive decline (15).

Pro’s: continuous, relatively low-cost online monitor,
allows calculation of (A-V)DO2, good correlation
with cerebral dysfunction
Con’s: invasive procedure, technical limitations - the
site of sampling (the right side is more likely to be the
dominant anatomical side (16), catheter migration, ex-
tracranial contamination; represents a global, not re-
gional measurement of venous drainage from unspec-
ified cranial compartments; temperature influences the
oxyhemoglobin dissociation curve (13).

Transcranial Near-Infrared Spectroscopy (NIRS)

Intravascular regional haemoglobin oxygen saturation
(rSO2) may be measured non-invasively with transcra-
nial near-infrared spectroscopy (NIRS) because the
human scull is translucent to infrared light. The meas-
urement is based on the different absorption character-
istics of near-infrared spectrum (NIRS) of oxygenated
(HbO2) and deoxygenated (Hb) hemoglobin. The oxy-
genated hemoglobin absorbs less red light (600-750
nm) and more infrared light (850-1000 nm) than does
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deoxygenated hemoglobin. As a result, Hb has an ab-
sorption peak at 740 nm while HbO2 does not. Trans-
cranial NIRS measures all hemoglobin, not just the
pulsatile arterial component contained in a mixed vas-
cular bed primarily composed of gas-exchanging ves-
sels, venules in particular. The measurement is thought
to reflect 16% arterial and 84% venous contributions
(17). Cerebral oximetry appears to both reliably quan-
tify change from an individualized baseline and offer
an objective measure of regional hypoperfusion.

NIRS showed a higher specificity and sensitivity
than SjvO2 in detecting cerebral desaturation, even if
it measures hemoglobin saturation of a small region of
cranial microvasculature. However, the association be-
tween frontal cortex oxygen desaturation and neu-
rocognitive decline has been confirmed (18). Several
studies reported a wide patient-to-patient variability of
baseline rSO2 values, making difficult a simple inter-
pretation of baseline conditions in each single patient. 

Intervention depends more on change in trends
rather than absolute values.

In contrast to EEG, which is affected by anaesthet-
ic agents, a decrease in rSO2 is caused by an inbalance
in regional oxygen supply and demand (19). The treat-
ment of declining rSO2 prevented prolonged desatura-
tions and was associated with shorter ICU and hospi-
tal length of stay and a significantly reduced incidence
of perioperative major organ morbidity and mortality
(20).

Pro’s: non-invasive, continuous, can be used during
nonpulsatile CPB and circulatory arrest, correlates
with conventional measures of global brain metabo-
lism
Con’s: inability to distinguish between intra- and ex-
tracranial changes in blood flow and oxygenation, ex-
tracranial contamination affects the reliability of read-
ings, sensor placement is restricted to glabrous skin,
thus ischemia occurring in the posterior watershed ter-
ritory is not detectable.

Electroencephalography – EEG/ Bispectral Index
Monitor – BIS

EEG monitoring for ischemia detection has been per-
formed since the first CPB procedures. The EEG rep-
resents spontaneous electrical activity of the cerebral
cortex and is generated mainly by excitatory and in-
hibitory post-synaptic potentials of cortical neurones.
It does not reflect activity in subcortical levels, cranial

nerves or the spinal cord. Traditional EEG (raw EEG)
depicts voltage changes in time and is commonly de-
scribed in terms of frequency, amplitude and patterns.
The EEG generally changes from low-amplitude high-
frequency signals in awake patients to large-amplitude
low-frequency signals at deeper levels of anaesthesia.
To simplify the evaluation and analysis of the EEG
changes, a variety of EEG processing techniques have
been proposed. The most frequently used today is the
fast Fourier transform (FFT), which separates conven-
tional EEG eochs into component sine and cosine sig-
nals, each having a calculated amplitude, frequency,
and phase. 

The BIS index consist of three sub-parameters: one
is measured from time-domain EEG, one is calculated
from the frequency bands, and a third consists of high-
order spectral sub-parameters that assesses the degree
of synchrony between component waveforms. This
processed EEG is given a dimensionless number be-
tween 0 and 100 and has been interpreted as providing
a direct measure of a patient´s consciousness.

Pro’s: non-invasive, continuous, good correlations
with changes in cerebral blood flow (CBF). Online
monitor, allows rapid interventions, high sensitivity
and specificity for loss and return of consciousness,
significantly decrease the risk of intraoperative aware-
ness and recall, decreasing anaesthetic use and shorter
recovery time (21).
Con’s: need for experienced personnel, prone to arte-
fact or electrical noise, lack of sensitivity to detect sub-
cortical problems, low specificity for detecting cere-
bral ischemic events due to the confounding influences
of anaesthesia and hypothermia.

Evoked Potentials 

Evoked potentials are the electrical responses of the
nervous system to external stimuli. Depending to the
type of stimulation they can be divided in somatosen-
sory (SSEP), auditory (AEP), visual (VEP) and motor
(MEP) evoked potentials.

The two most commonly used types of SSEP in
cardiac/aortic surgery involve the upper or lower ex-
tremity, by stimulation of the ulnar nerve or posterior
tibial nerve (22). 

AEP assess specific areas of the brainstem, mid-
brain, and auditory cortices (23, 24). Auditory stimuli
trigger a neutral response integrated in a synchronized
depolarization of neurons that travels from the audito-
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ry nerve to the cortex (23). Acoustic clicks are the
most commonly used AEP sensory stimulus. They are
broadband signals generated by unidirectional rectan-
gular short pulses (40-500 µs) whose frequency spec-
tra contain energy at frequencies below 10 Hz.

Pro‘s: simplicity in the identification and measure-
ment of critical responses and identification of early
signs of cerebral hypoperfusion, uncomplicated char-
acterization of the effects of temperature and anaesthe-
sia on responses, offer new insight into the dynamics
of deep hypothermic circulatory arrest and supplemen-
tary cerebral perfusion, selectivity in the functional as-
sessment of subcortical structures and pathways (22),
early identification of awareness (AEP) (25).
Con’s: unable to detect embolism, hearing loss im-
pairs the AEP monitoring, need for skilled staff.

The application of these devices has already result-
ed in a much greater understanding of the mechanisms
of perioperative stroke and other adverse CNS events.
As the age and extent of comorbidity of our patients
continues to rise, patient-specific management based
on the real-time assessment of cerebral parameters de-
rived from multimodality CNS monitoring offers the
best potential for improved CNS outcomes in these
high-risk patients.

Since the risk of monitoring are nil, the cost mod-
est and the benefit substantial, there is compelling jus-
tification for its routine integration into the periopera-
tive management of the cardiac surgical patient.
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Introduction

Despite an increasing level of cerebral physiological
and pathophysiological knowledge as well as an in-
creasing number of neuromonitoring devices, it is still
a matter of debate what kind of neuromonitoring
should be used during cardiac surgical procedures. To
get a current overview of the daily practice, regarding
neuromonitoring techniques, we started a question-
naire to all German departments of cardiac anaesthe-
sia.

Methods 

In cooperation with the German society of anaesthesi-
ology and intensive care medicine an anonymous
questionnaire consisting of 24 questions was sent to all
German hospitals having a department of cardiac
anaesthesiology. This questionnaire included issues
concerning preoperative technical evaluation of the ar-
teries feeding the brain, availability and use of neu-
romonitoring, methods of specific cerebral protection
during deep hypothermic circulatory arrest [DHCA],
management of extracorporeal circulation [ECC] as
well as documentation and training of physicians in
the techniques of neuromonitoring. 

Results 

Of 80 questionnaires sent, 40 were returned anony-
mous which adds up to a response rate of 50 %. Re-
garding the preoperative evaluation, 84% of the re-
spondent departments declared, that they always sub-
jected their patients to an examination of the arteries
feeding the brain (in 90 % Doppler sonography of
carotid arteries). 42% of the interviewed clinics are al-
ways using an intraoperative neuromonitoring device
independently of the surgical procedure. Thereby elec-
tro-encephalography [EEG]-based systems are the
most common used methods (61 %) followed by the

near infrared spectroscopy [NIRS] (42 %) and evoked
potentials [EP] (32%). In patients having a Type-A-
dissection of the aorta or undergoing a surgery of the
carotid arteries, neuromonitoring is used more fre-
quently (92% respectively 84%). In coronary artery
bypass surgery and valve surgery about half of all sur-
gical treatments are performed without any specific
monitoring of the central nervous system.    

To achieve cerebral protection during DHCA,
cooling via ECC as well as external head cooling and
a pharmacological prophylaxis with corticoids or bar-
biturates is most commonly used. 31% of respondent
departments do not consider necessity of any special
pharmacological cerebral protection during DHCA. 

In normothermia the majority of clinics favour a
pump-flow of 2 – 2,6 l/min/m2 (84%) und a mean ar-
terial pressure between 50 and 70mmHg (85%). Dur-
ing hypothermia 46% of the respondents reduce the
ECC-flow to a level below the calculated cardiac in-
dex (CI) whereas 46% maintain the flow according to
calculated CI. Below 18°C body core temperature
69% of clinics reduce the ECC-flow without giving
details about the amount of reduction.

Postoperatively in 45% of the clinics an evaluation
of neurologic status is always conducted individually
by the anaesthesiologist. The use of scores was stated
in 18% of the respondents.

74% of the clinics declared that only few of the
anaesthetists responsible for neuromonitoring were
trained specifically in any of the applied techniques.
31% of the clinics specified that they had further train-
ing in neuromonitoring on a regular basis.

Conclusion 

With 50 % respondents to our questionnaire, the re-
sults of the survey demonstrate that neuromonitoring
during cardiac procedures is not routinely performed
in Germany. It was also assumed that clinics where
neuromonitoring was performed routinely, the partici-
pation in our study is more likely. If neuromonitoring
is used, then EEG is the most widespread method.

Neuromonitoring during cardiac surgery – 
Results of a questionnaire in German departments of cardiac anaesthesia

G. Erdös, N. Mungard, H. V. Groesdonk, J. Ender
Department of Anaesthesiology and Intensive Care Medicine II, University Leipzig, Heart Center, Leipzig, 
Germany
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Purpose

Transesophageal echocardiography (TEE) and more
recently 3-dimensional transesophageal echocardio-
graphy (3D TEE)  have found multiple applications in
peri-operative care (1), including the assessment of the
morphology  and function of the mitral valve. This
presentation is intended to demonstrate the feasibility
and efficacy of acquiring and displaying  intra-opera-
tive 3D images  with  a TEE transducer  in the short
time window between the beginning of anaesthesia
and the engagement of the heart-lung machine. In
comparison to 2-dimensional transesophageal
echocardiography, additional information can be ob-
tained which can add value to the  surgical decision
making process.

Methods

The clinical examples presented were acquired using
an Acuson CV70 echocardiography system (Siemens,
Erlangen) and analysed using a mitral valve assess-
ment software (TomTec Munich). The 3D volumes are
obtained  via the reconstruction of 60 to 70 ECG trig-
gered 2D images acquired at known angles of rotation
of the multi-plane TEE.

In addition to the assessment of mitral valve pro-
lapse, various applications as well as pit falls and arte-
facts are presented, including one particular case in
which the speed and accuracy of the method enabled
the correction of an unexpected complication during
the fourth revision of a mitral valve replacement while
the patient was still on  the heart-lung machine (Fig.1-
2).

Three dimensional assessment of the mitral valve

A. Ziegler
Herz-Zentrum Bad Krozingen, Germany

Fig. 1: 3 D Imaging of a paravalvular Leak ( SJM Prosthesis in Mitral Position)
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Results

3D TEE is an efficient  and effective method  of imag-
ing and diagnosing mitral valve pathology in the very
short time window available in the intra-operative en-
vironment. 

Further, the acquisition of the required 3D volumes
presents less of a challenge with the anesthetised and
intubated patients when compared to the sedated and
non-intubated patients in the Echo Lab.

Conclusion

According to the opinion and experience of the author
3D TEE  is an important development in the under-

standing of the broad range of mitral valve. As the vol-
ume acquisition  in the intra-operative environment
has advantages over that in the Echo lab with respect
to patient compliance and therefore image quality, this
method should be available in every operating theatre
where modern mitral valve reconstruction is per-
formed. It is clearly much more a “tool“ than a „toy“.
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Fig. 2: Unexpected new leak in a different position of the replaced SJM Prosthesis, recorded  while still on by-
pass, exact mapping with clock system (2). 
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This special echocardiographic method relies on a new
miniaturized pure wave xMatrix array where the scan
lines are grouped into 2 orthogonally oriented “slices”.

In one scanning pattern, all the white lines are
scanned first from left to right and afterwards all the
yellow lines from back to front (see fig 1). 

Three different alternatives in scanning modalities
are possible: live 3D, 3D Zoom and the so called “full
volume” technique. 

With live 3D mode one gets a small segment in re-
al time with a good temporal resolution.

Using 3D Zoom images with a larger segment but
a less temporal resolution can be obtained.

The full volume technique as shown in fig. 2 re-
quires four consecutive heartbeats but is therefore sus-
ceptible to artefacts. 

For colour doppler flow the full volume mode with
seven consecutive heartbeats is mandatory. To mini-
mize artefacts due to the mechanical ventilation tem-
poral apnea from the ventilation can be conducted. 

There are many advantages using the 3D-technique
in comparison to 2D: at first the diagnosis of the
pathophysiology is more complete, because the 3D-
view allows a more exact view on the anatomical
structures. This is especially very important for mini-
mal or total invasive techniques in valve repair. 

The problem of mitral valve assessment using the
2D array is for instance that for 3D visualization only
cross-sectional views are possible. Volumetric scan-
ning provides an overview on the surface of the struc-
ture and hence an unlimited spatial navigation of
points of view as well as for cutting and slicing the 3D
volume.  Using the cutting planes one can offline illus-
trate the structure in sagittal, longitudinal and trans-
verse section of the interesting structure.

The full volume allows the surgical view of a
valve`s life volume so that an “en-face” view is possi-
ble. In case of this also valves like the tricuspide valve
which are difficult to obtain in 2D mode can be pre-
sented well using RT3D. 

Even the quantification of the regurgitation volume
of insufficient valves in 3D mode is already possible
and seems to be superior to PISA or the measurement
of the vena contracta in the 2D mode, but studies are
necessary to corroborate this belief.

In comparison to cardiac magnetic resonance im-
aging (MRI) the left and the right ventricle volume,
mass and ejection fraction are comparable repro-
ducible.

Another benefit of the 3D echocardiography is that
the communication with other imaging experts is less
complicated because the anatomical or pathological

Real time (RT) 3D-TOE in perioperative cardiac surgery

J. Koncar-Zeh, C. Mukherjee, J. Ender
Department of Anesthesiology and Intensive Care Medicine II, University Leipzig, Heart Center, Leipzig,
Germany

Fig. 1: Schematic picture of the scan lines Fig. 2: RT-3D full volume view
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structures can be easily described. Therefore it has to
be noticed that the teaching of 3D is much more faster,
but a good knowledge of the anatomical structures is
needed. 

In conclusion RT 3D is a valuable tool to advance
the qualitative and quantitative perioperative investi-
gation of patients in cardiac surgery although improve-
ments of the software are still necessary.
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Introduction

Mismatch of the annuloplasty ring size for mitral valve
repair sometimes occurs. One of the reasons for this
complication may be that the routine sizing of the ring
is performed during cardioplegic arrest. Aim of our
study was to investigate the potential value of trans-
oesophageal echocardiography (TOE) based sizing of
the ring.

Methods

In patients undergoing elective mitral valve repair a 3-
dimensional reconstruction of the valve was per-
formed using a commercially available software (4D
Valve assessment®, TomTec, Munich, Germany) addi-
tionally to the routine intraoperative echo-examina-
tion. With a modification of the software CAD models
of standard annuloplasty rings, stored in a digital data-
base, were overimposed on the reconstructed mitral
valve to determine the optimal size of the ring (Fig 1).
The echo investigator was blinded to the size of the an-
nuloplasty ring implanted by the surgeon as well as the
surgeon for the results of the TOE examination. The
ring size of both methods were compared. After mitral
valve repair another 3 D reconstruction again was per-
formed and the CAD models were overimposed and
compared with the implanted size. For statistics the
correlation between both methods was evaluated
(SPSS®).

Results

50 patients were included. The correlation between the
selected 3 D annuloplasty ring templates and the im-
planted annuloplasty ring size was 0.83. 30 ring tem-
plates showed no differences and 20 rings differed ±
2mm in size. Postoperatively the validation protocol
revealed a correlation of 0.94 between the ring size of
the ring templates and the implanted annuloplasty
prosthesis.

Conclusion

TEE guided sizing using the modified software based
on 4D Valve Assessment® correlates well with the sur-
gical sizing during mitral valve repair. A prospective
randomized study is necessary to evaluate the clinical
value of this new approach to determine the optimal
annuloplasty ring size.

TEE guided sizing of the annuloplasty ring during mitral valve repair

J. Ender1, J. Koncar-Zeh1, C. Mukherjee1, S. Jacobs2, M. Borger2, C. Viola4, M. Gessat3, 
F. W. Mohr2, V. Falk2

1Department of Anesthesiology and Intensive Care Medicine II, University Leipzig, Heart Center; Leipzig, Ger-
many; 2Department of Cardiac Surgery, University Leipzig, Heart Center, Leipzig, Germany; 3Innovation Center
for Computer Assisted Surgery, University Leipzig, Germany; 4TomTec, Munich, Germany

Fig. 1: Overimposed CAD model of the annuloplasty
ring
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There are several methods to determine cardiac output
(CO) with transoesophageal echocardiography (TOE).
Many studies have shown, although not entirely unan-
imous, that these methods, if applied correctly, are suf-
ficiently precise in comparison to the clinical standard
of thermodilution cardiac output measurement (Katz et
al. 1993, Darmon et al. 1994, Perrino et al. 1998, Poe-
laert et al. 1999, Bettex at al. 2004, Schmidt et al.
2005). Nevertheless one has to keep in mind that TOE
CO measurements, compared to other methods like
thermodilution via pulmonary artery catheter, pulse
contour analysis, impedance cardiography or oeso-
phageal Doppler cardiac output, can only be applied
discontinuously. Furthermore TOE always requires an
experienced examiner and will not, like other systems,
automatically generate measurements available to
those who have limited knowledge of the system itself.

All echocardiographic determinations of cardiac
output presented in the following summary are actual-
ly based on the measurement of stroke volume, which
is multiplied by heart rate to calculate cardiac output.
They therefore all rely on the fact that the stroke vol-
ume measurements are taken in a representative heart
cycle. As stroke volumes differ from one heart beat to
another influenced by respiration and heart rhythm
changes, several consecutive beats should be meas-
ured (the recommendations are three in sinus rhythm
and ten in irregular rhythms). This should be taken in-
to account for all the stroke volume measurements pre-
sented in this overview.

Determination of cardiac output using 
echocardiographic measurements of ventricular
volumes

Genuine volumes can only be directly measured with
three-dimensional methods of investigation. The
emerging technology of three-dimensional echocar-
diography will therefore advance future applications.
The best approximation when using a two-dimension-

al imaging technique like conventional two-dimen-
sional echocardiography is the interconnection of two
orthogonal imaging planes using a three-dimensional
mathematical algorithm. For determination of left ven-
tricular volumes the modified Simpson’s rule using 20
disks is generally taken as the reference formula
(Feigenbaum et al. 2004). When using this method, the
left ventricle is imaged preferentially in the mid-
oesophageal four chamber view and the midoe-
sophageal two chamber view. In both imaging planes,
the area of the ventricular cavity is traced by planime-
try and the long-axis length measured. The computer-
ized measurements in the echocardiography equip-
ment then calculate out of this information the left
ventricular volume by using the following formula:

Thereby the length L of the ventricular long-axis is
divided into 20 disks from base to apex for which the
volume is calculated using the diameters a and b ob-
tained in the two midoesophageal views when tracing
the endocardial border.

If two orthogonal imaging planes in the ventricular
long axis are not obtainable, an alternate approach is
the area-length method, which uses just one imaging
plane and assumes rotational symmetry of the left ven-
tricle. Like in the previous method, ventricular cavity
area (A) and long-axis length (L) measurements are
entered in the following formula:

As this formula assumes rotational symmetry, it
will only give valid data if the ventricular geometry
and segmental wall function in the imaging plane cho-
sen for measurements is representative of the whole
ventricle. Symmetrical differences from base to apex
are usually well represented.

Echocardiographic measurements of cardiac output 

J. M. Erb
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The diameter method for calculation of left ven-
tricular volumes is only applicable for normally con-
figured hearts without regional wall motion abnormal-
ities applicable. Simplified, it uses

as quick and easy to use formula, where the LV-Diam-
eter (D) is measured in the midpapillary level. The 
Teichholz version of this formula: 

uses a correction for ventricular size, but does nor give
significantly different results. 

With all the above introduced methods of left ven-
tricular volume determination, it is essential to meas-
ure both end diastolic volume (EDV) and end systolic
volume (ESV) using the appropriately timed imaging
frames in order to then calculate stroke volume (SV)
using the formula: SV = EDV – ESV.

As this requires multiple measurements triggered
to the cardiac cycle, the determination of cardiac out-
put using ventricular volume measurements is too
elaborate to be done more than occasionally during a
therapeutic intervention.

Determination of cardiac output using 
velocity-time-integrals

In laminar flow conditions, flow velocity is propor-
tional to flow rate, which is the volume flowing in a
given time. In the heart, laminar flow conditions are
found across normal heart valves, in the ventricular
outflow tract and in large vessels close to the heart. Is
the cross-sectional area (A) of such a transition area
known or can be calculated or measured, the only ad-
ditional requirement is that the flow velocity of the
blood at this area can be measured throughout the
blood flow. The integral of blood flow over time will
give the velocity-time-integral (VTI) which is a dis-
tance. With these measurements, stroke volume is cal-
culated as: SV = A x VTI

As this measurement of stroke volume uses veloc-
ity as a summation effect of ventricular volume and
contraction, it is independent of symmetries in ventric-
ular shape and wall motion. Once the cross-sectional

area of the measurement location is determined, it can
be assumed to be constant during a therapeutic inter-
vention and monitoring period, so that further calcula-
tions of stroke volume only require the repetition of
the VTI measurement, a requirement which is easily
obtained in a very short time. As a further simplifica-
tion, the percental change in VTI during a given inter-
vention reflects a similar change in stroke volume, as
the cross-sectional area will not change. With this con-
cept in mind, the variation in VTI can be even used as
a single relative measurement when it is impossible to
obtain adequate images for determination of the cross-
sectional area.  

The following locations are recommended to com-
bine measurements of cross-sectional area and veloci-
ty-time-integrals:
– Left ventricular outflow tract 
– Aortic valve
– Mitral valve
– Pulmonary artery
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Introduction

Right ventricular (RV) dysfunction is a possible cause
of cardiac failure after cardiac surgery and has a high
mortality rate [1, 2]. Major reasons for complications
of cardiac surgery are the need for hypothermic car-
diac arrest, aortic cross-clamping, and exposure to a
cardiopulmonary bypass (CPB) circuit [3,4]. In con-
ventional coronary artery bypass graft surgery
(CCABG), preservation of the right ventricle is usual-
ly more difficult than the preservation of the left ven-
tricle whatever the cardioplegia route [3,4] and impair-
ment of RV function has been observed [5, 6]. It has
been postulated that performing coronary artery by-
pass graft surgery on a beating heart (OPCAB surgery)
might reduce perioperative morbidity and improve
outcome [3]. Whether OPCAB surgery can fulfil these
expectations, or to which degree, is yet unclear [7].
Therefore, we performed these prospective, ran-
domised, controlled studies to assess and compare the
effects of CCABG and OPCAB surgery on RV func-
tion. We hypothesised that avoiding CPB by perform-
ing OPCAB surgery would better preserve RV func-
tion. 

Materials and method

With approval from the institutional ethics committee
from the Basel (Switzerland) Committee on Human
Research and informed written consent, we equally
randomised 50 elective coronary surgical patients to
CCABG or OPCAB surgery. Exclusion criteria were:
redo or emergency surgery, preoperative haemody-
namic instability requiring continuous inotropic med-
ication, lack of sinus rhythm or complete bundle
branch block or atrioventricular delay >240 millisec-
onds on the preoperative electrocardiogram, intermit-
tent or permanent ventricular pacing prior to surgery,
and moderate or severe mitral or tricuspid valvular dis-

ease or atrial septal defect on the preoperative
transthoracic echocardiography (TTE). 

The surgical techniques were standardised and all
operations performed by one surgeon. The left internal
mammary artery was always prepared as the only arte-
rial graft for subsequent anastomosis to the left anteri-
or descending coronary artery or a diagonal branch.
Venous grafts were always attached to the aorta.
CCABG surgery was performed under normothermic
CPB and antegrade cold blood cardioplegia was used
for myocardial protection. OPCAB surgery was per-
formed as described by Sergeant et al. [8].

Anaesthetic management was performed in a stan-
dardised way according to the routine procedure for
cardiac surgical patients at University Hospital Basel,
as previously described [9, 10].

Echocardiography: TTE was performed the day
before and 3 months after surgery (TTE study). Trans-
oesophageal echocardiography (TOE) was performed
in the operating room just before opening and after
closure of the sternum (TOE study). The same patients
took part in both studies. 

Two-dimensional recordings of the mid-
oesophageal (MOE) (TOE study) and apical (TTE
study) 4-chamber view were used for measurements of
the RV end-diastolic (EDA) and RV end-systolic
(ESA) areas. The RV fractional area change (FAC)
was calculated as: RV FAC = (RV EDA - RV ESA) /
RV EDA. In TOE study, the MOE RV inflow-outflow
view was recorded for measuring the end-diastolic and
end-systolic lengths of the right ventricle, which were
defined as the distance between the lateral annulus of
the tricuspid valve and the lateral annulus of the pul-
monary valve. The RV end-diastolic (EDV) and RV
end-systolic (ESV) volumes were calculated based on
these measurements according to the formula: RV vol-

Right ventricular function: On-pump versus off-pump coronary artery 
bypass graft surgery
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ume = 2/3 • area • length [11]. Cardiac output was
then calculated according to the formula: cardiac out-
put = (EDV – ESV) • heart rate.

PW Doppler echocardiography was performed in
the MOE (TOE study) or apical (TTE study) 4-cham-
ber view to study tricuspid inflow velocities. The sam-
ple volume was placed between the tips of the open tri-
cuspid leaflets and E and A were subsequently meas-
ured and the E/A ratio calculated. In the TTE study, the
parasternal short-axis view was used to record the
ejection signal of the right ventricle. The time interval
from cessation to onset of two consecutive tricuspid
inflow signals (Time A) and the time interval from on-
set to cessation of the RV ejection signal (Time B)
were used to calculate the RV myocardial performance
index (RV-MPI) as (Time A – Time B) / Time B.
Pulsed-wave tissue Doppler imaging (TDI) was
recorded in the transgastric RV inflow view (TOE
study) or in the apical 4-chamber view (TTE study) to
study motion of the lateral annulus of the tricuspid
valve. Measured TDI parameters included Ea-lat and
Sa-lat. 

TOE echocardiographic outcome parameters in-
cluded RV cardiac output that was used to study glob-
al RV function, RV EF to study systolic RV function
and tricuspid E/A ratio to study diastolic RV function.
Peak systolic and diastolic velocities of the tricuspid
annulus, Sa-lat and Ea-lat, were used to study systolic and
diastolic function of the posterolateral RV free wall.
TTE echocardiographic outcome parameters included
RV MPI as a global index of RV function, RV FAC to

study systolic RV function and tricuspid E/A ratio to
study diastolic RV function. Peak systolic and diastolic
velocities of the tricuspid annulus, Sa-lat and Ea-lat, were
used to study systolic and diastolic function of the RV
free wall.  

Statistical analysis: Continuous variables are pre-
sented as mean ± standard deviation and [median]. All
analyses of continuous variables were performed by
non-parametric tests for non-normal distributed data
(i.e., by a Mann-Whitney U test for unpaired variables
or Wilcoxon signed-rank test for paired variables, in
the TOE study) and by Student t-test for the normal
variables in the TTE study. Analyses were performed
on an “intention to treat” basis. All tests were two-
tailed and a P value <.05 was considered statistically
significant.

Results

Surgery was completed according to randomisation
and standardised surgical plan in 48 of the 50 patients.
Conversion to CPB was performed in 2 of the 25 pa-
tients randomised to the OPCAB group because of
marked haemodynamic instability during retraction of
the heart. The 2 groups had similar preoperative char-
acteristics. Four patients were lost for follow-up, 3 in
the CCABG and 1 in the OPCAB group. The echocar-
diographic data are shown in tables 1 and 2.

Tab. 1: Intra-operative echocardiographic parameters: TOE study

CCABG (n=25) OPCAB (n=25) Intergroup
comparison at

the end of
surgery

Baseline End Baseline End P value
Heart rate (bpm) 60 ± 9 [58] 92 ± 8 [90]‡ 65 ± 9 [63] 82 ± 10 [82]‡ < 0.001
Cardiac output
(ml/min)

2603 ± 579
[2535]

3095 ± 1180
[2944]

2915 ± 1156
[2820]

3291 ± 987
[3195]

0.455

EF (%) 48 ± 8 [48] 46 ± 11 [48] 45 ± 7 [45] 46 ± 9 [47] 0.553
Tric E/A 1.2 ± 0.3 [1.2] 0.9 ± 0.3 [0.9]† 1.3 ± 0.4 [1.3] 0.8 ± 0.2 [0.9]† 0.562
Sa-lat (cm/s) 6.8 ± 1.5 [6.7] 6.7 ± 1.9 [6.6]  7.2 ± 1.3 [7.1] 6.1 ± 1.7 [6.0]† 0.341
Ea-lat (cm/s) 5.3 ± 1.4 [5.4] 4.7 ± 1.7 [4.3] 6.0 ± 1.4 [6.1] 4.0 ± 1.8 [4.0]† 0.246

End = end of surgery. †P <.01, ‡P <.001: compared with baseline values (intragroup comparison).
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Conclusions

At the end of surgery, cardiac output and RV EF were
equally preserved in both groups. Lateral tricuspid an-
nular velocities suggested impaired systolic and dias-
tolic myocardial function of the RV lateral free wall
only in the OPCAB group, but the intergroup differ-
ences were not statistically significant. 

Three months after surgery, global RV function and
systolic RV function were equally preserved in both
groups. Diastolic myocardial function of the RV free
wall, as indicated by Ea, was impaired in the CABG
group only but intergroup differences did not reach
statistical significance. 

Based on these 2 studies, we concluded that the
choice of surgical intervention had only minimal influ-
ence on RV function shortly after surgery. 
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Introduction

After cardiac surgery, approximately 20% of all pa-
tients show significant bleeding and 5% require re-in-
tervention. In 50% of patients undergoing re-opera-
tion, no surgical cause can be determined, suggesting
coagulopathy after cardiopulmonary bypass (CPB). To
guide transfusion of blood products and coagulation
factor concentrates, quick and accurate diagnosis of
coagulopathy is warranted. Point-of-care (POC) tests
like rotational thrombelastometry (ROTEM, Pen-
tapharm, Munich, Germany) and impedance aggre-
gometry (Multiplate, Dynabyte Medical, Munich, Ger-
many) enable fast detection of coagulation disorders
during and after cardiopulmonary bypass, even under
complete anticoagulation with heparin. Algorithms,
based on these POC tests, can result in decreased peri-
operative usage of blood components in cardiac sur-
gery (1, 2).

Methods

Cardiac anaesthesiologists routinely using ROTEM
intraoperatively, put together their experience regard-
ing POC coagulation management in the 3rd ROTEM
Expert Meeting in June 2007 in Munich. Multiplate is
extensively used during and after cardiac surgery only
in few universities in Germany. A prospective study,
concerning the predictive value of impedance aggre-
gometry for transfusion requirements in cardiac sur-
gery, is now being published (3). Summarizing this
know-how and experience, an algorithm for coagula-
tion management during and after cardiopulmonary
bypass, based on ROTEM and Multiplate parameters
has been developed. 

Results

The methods ROTEM and Multiplate and the tests are
used are described. The selection of the patients for co-

agulation monitoring and the optimal time points for
measurements are discussed. Any coagulation therapy
should only be performed in case of ongoing clinical-
ly relevant microvascular bleeding. Surgical bleeding
control, well optimized preconditions and conse-
quences from the drug history are the basic therapeu-
tic interventions. Indication for redosage of protamine:
CT-IN > 240 s and CT-HEP/CT-IN < 0.8. Indication
for therapy with PCC or FFP: CT-EX > 90 s or CT-
HEP > 280 s. Indication for fibrinogen substitution:
MCF-EX < 50 mm and MCF-FIB < 12 mm. Indication
for platelet transfusion: MCF-EX < 50 mm and MCF-
FIB > 12 mm. If ROTEM is normal and the patient has
still diffuse bleeding, primary hemostasis disorders
should be evaluated. Performance of Multiplate allows
quantifying platelet function and platelet transfusion is
indicated if AUC-ASPI < 200 or AUC-COL < 200 or
AUC-ADP < 300 or AUC-TRAP < 500 AU x min.

Conclusions

ROTEM and Multiplate enable the performance of
POC coagulation tests even during and after cardiac
surgery with CPB. The presented algorithm is a step to
improve perioperative coagulation management in
cardiac surgery, however, these cut-off values have
never been prospectively validated and reflect the long
time experience of our study group. A multicenter clin-
ical study to evaluate this ROTEM and Multiplate
based coagulation management compared to an algo-
rithm, based on conventional coagulation tests (4),
such as PT and aPTT, concerning overall transfusion
requirement is planned.
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Introduction

Coagulopathy experienced in major surgical interven-
tions as in cardiac surgery or in multiple traumatized
patients with massive blood loss is of multifactorial
origin: hypothermia, anemia, metabolic disturbances
and hyperfibrinolysis can influence hemostasis, but
are not a regular occurrence. A combination of con-
sumption and dilutional coagulopathy almost always
results in an enhanced tendency to bleeding (1-4). In
the initial phase, as long as no fresh frozen plasma is
available, the blood volume lost is compensated with
crystalloids, colloids and erythrocyte concentrates,
which necessarily dilute all plasma clotting factors.
Thus, consumption coagulopathy is almost always ac-
companied by dilutional coagulopathy. The extent of
coagulopathy depends on the quantity and dynamics of
blood loss, the quantity and type of volume therapy
administered as well as the original concentration of
haemostatic factors. If the plasma levels of procoagu-
latory coagulation factors and of thrombocytes and
erythrocytes drop below the critical threshold, ade-
quate hemostasis is no longer ensured. This provokes
a tendency to diffuse bleeding including mucosal
bleeding, bleeding next to intravascular catheters, etc.
without corresponding surgical bleeding (5).

The effect of fibrinogen on dilutional 
coagulopathy

During the course of a coagulopathy due to hemodilu-
tion fibrinogen levels become critical normally before
all other procoagulatory coagulation factors and the
platelet count become critical as well, requiring substi-
tution (6). A study in 60 patients during knee joint re-
placement showed that even a relatively moderate he-
modilution results in a negative interaction with fibrin
polymerization. The patients were treated either exclu-
sively with Ringer’s lactate solution (Fresenius, Phar-
ma Austria GmbH), the combination of Ringer’s lac-

tate solution and gelatin solution (4% Gelofusin®;
Braun, Maria Enzersdorf, Österreich) or the combina-
tion of Ringer’s lactate solution and hydroxyethyl-
starch (6% Isohes 200/0.5®, Fresenius, Pharma Austria
GmbH). Patients in the crystalloid group were infused
on average with 4801 ml Ringer’s lactate solution,
whereas patients in the colloid group received either a
combination of 1.970 ml Ringer’s lactate solution and
also 1.242 ml hydroxyethylstarch or a combination of
1.794 ml Ringer’s lactate and also 1.435 ml gelatin so-
lution. Despite the limited blood loss of about 10% of
the estimated total blood volume in all groups and the
moderate amount of administered colloid solutions a
negative interference with fibrin polymerization was
detectable in the thrombelastogram in both colloid
groups with the statistically significantly strongest in-
terference with the fibrin polymerization in the HES
patients (7). The clinically relevant decrease of the fib-
rin concentration could be also shown in a mathemat-
ical model. Singbartl et al. showed that during the
course of a normovolemic hemodilution with an initial
fibrinogen level of ≥ 300 mg/dl the critical fibrinogen
concentration of 100 mg/dl had been reached, before a
critical hematocrit level was reached that required the
administration of erythrocytes (8). 

The influence of fibrinogen concentrate on the co-
agulopathy due to hemodilution has been evaluated so
far only in an animal model: in this pig model about
60% of their total blood volume was withdrawn and
replaced with gelatin solution. Subsequently fibrino-
gen concentrate was administered. The affected clot
strength of these animals could be normalized in the
thrombelastogram. In addition in these animals an un-
controlled bleeding was induced by a stabbing incision
into the liver. The animals, which had received fibrino-
gen concentrate, showed a statistically significantly
lower blood loss after a standardized stabbing injury
(9). 

Administration of fibrinogen – A reasonable step?
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The effect of fibrinogen on thrombocytopenia

Acquired thombocytopenia is a complication that oc-
curs frequently in hospitalized patients: it is caused ei-
ther by diminished cytogenesis, which is above all the
case in hematooncological patients. Increased con-
sumption occurs following massive hemorrhage (i.e.
hemorrhagic coagulopathy), following administration
of large quantities of volume replacement or of ery-
throcyte concentrates (dilution coagulopathy), in sep-
tic patients in the framework of DIC (consumption co-
agulopathy), as the result of some drugs, or in the
course of extracorporeal procedures during cardiac
surgery or in critical ill patients. In such cases, contact
with a foreign surface activates platelets despite anti-
coagulation, which increases consumption (hemofil-
tration, extracorporeal membrane oxygenation, ven-
tricular assist devices etc.). In addition, some immuno-
logical phenomena can increase depletion of thrombo-
cytes (ITP). Therapy of thrombocytopenia is best per-
formed by administering platelet concentrates. In the
case of traumatic or surgical hemorrhage the threshold
for administering platelet concentrates is 50x103µl
(10). If there is a concomitant platelet dysfunction
(drug-induced, acquired or congenital), this threshold
can be much higher. Administration of one unit of
platelet concentrate raises the platelet count in an av-
erage-sized adult by approx. 5-10x103µl. The normal
therapeutic dosage is about one unit of concentrate per
10 kg BW. By comparison, sole-donor apharesis con-
centrate has a content of approx. six units of thrombo-
cyte concentrate. 

Platelet transfusions are not hazard-free and thus
their indication should be handled strictly. Transfu-
sion-induced viral infections or, much more frequent-
ly and seriously, bacterially induced septic transfusion
reactions are possible. Moreover, the therapeutic effect
of transfused platelets can not be predicted with cer-
tainty. Storage, age and the recipient’s current coagu-
lation status make prediction uncertain. Moreover, dif-
ficult storage conditions mean availability is costly
and short-term. Even at centers with their own blood
banks supply shortages can happen. Despite great de-
mand, crisis areas (Iraq, Afghanistan) generally have
no platelet concentrates available. For this reason such
areas have to resort to the now obsolete whole or warm
blood transfusion.

A lack of platelets primarily affects clot firmness,
which can not only be quantitatively evaluated in stan-
dard laboratory tests but is also easy to monitor throm-
boelastrographically. Clot firmness is also influenced

by fibrinogen plasma (11). In cardiac surgery opera-
tions, in which activation by extracorporeal surfaces
causes not only thrombocytopenia but also thrombo-
cytopathy, patients with higher fibrinogen values
showed fewer re-bleeding complications (12, 13). Al-
ternatives to transfusing thrombocytes are still in the
experimental stage. In addition to frozen and lyo-
philized thrombocyte concentrates (14, 15) the effica-
cy of platelet membranes (16) and erythrocytes are be-
ing tested with RGD ligands (17). Furthermore, work
has been under way for some time on fibrinogen-coat-
ed albumin particles as a substitute for thrombocytes
(18, 19). Initial experiments appear to be promising,
although clinical application is presently not conceiv-
able for at least the medium term. In clinical practice
involving a shortage of thrombocyte concentrates spe-
cialized departments sometimes give thrombocy-
topenic patients fibrinogen concentrate to stabilize clot
firmness when thrombocyte count is reduced. Further-
more, thrombocytopenic patients demonstrating in-
flammation-induced elevated fibrinogen values in
thrombelastographic monitoring are often not given a
transfusion of thrombocyte concentrates. This practice
has not been clinically investigated to date. In a recent
animal experiment we were able to demonstrate that
the administration of fibrinogen concentrate in com-
parison to transfusion of three-day-old apharesis con-
centrates or placebo significantly improved clot firm-
ness. In the case of uncontrolled bleeding the fibrino-
gen-treated animals showed significantly less blood
loss and longer survival times than did animals that
were given thrombocyte concentrate and placebo (20).

Conclusion

Acquired coagulopathy observed in critical care med-
icine or perioperatively is usually of a complex nature.
Dilutional coagulopathy as well as thrombocytopenia
are the result of numerous possible imbalances in the
hemostaseological system. Therapy guidelines for the
treatment of such acquired coagulopathy are tradition-
ally taken over by medical specializations that are of-
ten not familiar with these clinical constellations.
However, their effectiveness has never been proven in
clinical studies. Experimental data suggest, that fib-
rinogen probably reverses dilutional coagulopathy as
well as compensates thrombocytopenia. Clinical stud-
ies have to proof this thesis.  
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During recent years, a number of new anticoagulants
have been introduced into a variety of clinical settings.
In the clinical field of cardiac anaesthesia two new
agents have gained importance: the direct thrombin in-
hibitors (DTI) bivalirudin and argatroban. 

Bivalirudin is a short-acting, bivalent, reversible
direct thrombin inhibitor. Its pharmacokinetics are
characterized by rapid onset of effect and a short half-
life of approximately 25 minutes. The drug’s elimina-
tion is predominately achieved by proteolytic cleavage
and to a minor extent by renal excretion. Bivalirudin
has been safely studied in large studies enrolling more
than 40,000 patients and is approved by the Food and
Drug Administration in patients undergoing percuta-
neous coronary intervention, including those with or at
risk for HIT. The rapid onset of action, along with rap-
id elimination essentially independent of specific or-
gan involvement, renders bivalirudin a potentially
valuable alternative to heparin/protamine for high-
dose anticoagulation during cardiovascular surgery
and CPB. In a first pilot investigation, bivalirudin was
assessed using the PCI dosing protocol in off-pump
coronary artery bypass grafting (OPCAB) surgery. In
this single center study bivalirudin demonstrated a
safety and efficacy profile comparable to that of he-
parin/protamine anticoagulation,  while however the
early graft patency was improved in the patients treat-
ed with bivalirudin [1]. Later on, in the multicenter
EVOLUTION-OFF trial again a safety and efficacy
profile comparable to that of heparin/protamine was
observed [2]. In the CHOOSE-OFF trial that followed,
bivalirudin was successfully employed for anticoagu-
lation in patients with heparin-induced thrombocy-
topenia (HIT) undergoing OPCAG surgery [3]. In pi-
lot studies, protocols for the use of bivalirudin for an-
ticoagulation during cardiopulmonary bypass (CPB)
were developed and later assessed in the multicenter
EVOLUTION-OFF trial. Again, the safety and effica-
cy profile was comparable to that of heparin anticoag-
ulation [4;5]. In the CHOOSE-ON trial bivalirudin
was successfully used for the anticoagulation of HIT
patients undergoing cardiac surgery with CPB [6].  

Argatroban, a small synthetic DTI with a half-life
of 40 min which is predominately hepatically metabo-
lized, the only alternative anticoagulant which in US
jurisdiction is approved for both treatment of HIT-in-
duced thromboembolism and prophylaxis of HIT, was
introduced in Germany in 2006. In contrast to bi-
valirudin, which is mainly used for intraoperative an-
ticoagulation, argatroban is predominately used for
preoperative and postoperative thrombosis prophylax-
is in HIT patients. In the ARG-E-03 study the safety
and efficacy of argatroban anticoagulation after car-
diovascular surgery was demonstrated. A further main
result of this small investigation was  that, in  this par-
ticular patient population, the dosing of argatroban,
which is usually in the range of 2 μg/kg/min, had to be
reduced to approximately 0.5 μg/kg/min [7]. In pa-
tients with beginning multiorgan failure the dosing has
to be further reduced to 0.2 μg/kg/min [8]. In a small
investigation the feasibility of argatroban for anticoag-
ulation during renal replacement therapy (RRT) in HIT
patients after cardiovascular surgery was demonstrated
[9]. 

These studies demonstrate that bivalirudin is an in-
teresting alternative anticoagulant in HIT patients dur-
ing cardiac surgery and of high interest as a replace-
ment for heparin in selected surgical indications, even
in non-HIT patients. Argatroban, using the reduced
dosing, is a safe and effective anticoagulant for throm-
bosis prophylaxis and during RRT. Further interesting
indications for argatroban such as perioperative use in
vascular surgery warrant further assessment. 
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From Etiopathogenesis to the Prediction of Autoimmune Diseases:
Relevance of Autoantibodies

Disease-associated autoantibodies become more and more important for routine diagnostics as well as
basic and applied research. As many of these autoantibodies are detectable long time before clinical man-
ifestations, they may be used to predict the development of the appropriate disease. However their poten-
tial role in the very early diagnosis or risk assessment of disease development remains to be further stud-
ied. The current knowledge, the facts and perspectives regarding the prediction of organ specific and sys-
temic autoimmune diseases are discussed in Chapter 1. For disease prediction and early intervention it is
necessary to understand the pathologic processes leading to autoimmune diseases. For instance,  compo-
nents of the innate immune system (e.g. Toll-like receptors) can have a dramatic impact on autoantibody
response and disease pathogenesis, either by promoting or by regulating disease (Chapter 2). The differ-
ent effects of autoantibodies in immune homeostasis and autoimmune manifestations are discussed in
Chapters 3 to 6.1 (natural autoantibodies as catalytic or protective immunoglobulins,  autoantibodies
against protective molecules, macromolecular complexes, receptor structures and ion channels). Reviews
and news regarding autoantibodies in organ specific (Chapter 6) and systemic autoimmune diseases
(Chapter 7) follow. The main focus of Chapter 7 is the pathologic, diagnostic and prognostic relevance of
autoantibodies against citrullinated proteins or peptides. Chapter 9 deals with methodical aspects and di-
agnostic stategies starting with general comments on early diagnosis of autoimmune rheumatic diseases.
Technologies for the identification of novel autoantibodies as well as for the determination of autoantibod-
ies and autoantibody profiles were presented. Improvement of autoantibody analyses by autoantigen de-
signing and technological innovations were discussed. Optimized, standardized and cost-effective multi-
parametric assays are the prerequisite for a probable future use of autoantibodies for the more accurate
prediction of diseases.
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During cardiac surgery with cardiopulmonary bypass
(CPB) the use of therapeutic mild – moderate hy-
pothermia aims at prevention of neurological injury
and postoperative cognitive decline. Mainly under the
rationale of decreased metabolic demands, the brain is
considered to be better protected against ischemic, hy-
poxic, and procedure-related insults if it is hypother-
mic. In the last years, however, together with the ad-
vent of beneficial application of normothermic cardio-
plegia and advances in cardiac surgery and CPB tech-
niques, the cerebral advantages of systemic hypother-
mic CPB and possible risks of normothermia for the
brain with cardiac surgery have been questioned [1]. A
meta-analysis published in 2001 concluded that there
is no proof of the superiority of warm or cold CPB on
neurological and neuropsychological outcomes [2],
but many of the data included at that time are severely
limited due to variable study design and weaknesses in
temperature care protocols and temperature control.
Anyhow, the current state of knowledge based on an
overview of recent clinical trials still shows that stan-
dards or evidence-based guidelines to orientate proce-
dure-related decisions for use of normothermic versus
hypothermic CPB cannot yet be set up [3-5]. But, in
our endeavours to minimize negative impact upon the
brain, some “milestones having evolved for improved
approaches to temperature management” with either
hypo- or normothermia in the setting of heart surgery
with CPB are ready for description.

Temperature monitoring sites and temperature
control 

One of the most important issues with CPB and tem-
perature management strategies is the lack of non-in-
vasive temperature monitoring sites that could accu-
rately reflect brain temperatures. Thus, exact options
for brain temperature control, especially during peri-
ods of rewarming, do not exist. Brain temperatures in
general are approximately 0.5 - 2°C higher than sys-

temic temperatures, being most elevated in central
brain areas and being truly indicated with direct intrac-
erebral temperature measurement only [6]. Apart from
that, neither best places for temperature measurements
nor optimal target ranges for therapeutic hypothermia
have been identified. During rapid temperature
changes with systemic cooling and rewarming, there
may be large discrepancies and inter-individual vari-
ability between peripheral and central temperatures,
and even more brain temperatures. To allow for con-
trol of overshoot in temperature deviations during tar-
geted therapeutic changes, nasopharyngeal, jugular
bulb, and tympanic temperatures may be used to esti-
mate cerebral temperatures [4,5,7]. However, na-
sopharyngeal temperatures tend to lag behind und un-
derestimate jugular bulb temperatures during rewarm-
ing from CPB, and only arterial outlet blood tempera-
tures at the membrane oxygenator may provide good
brain “inflow” temperature approximations [7]. Be-
cause even 1-2°C of cerebral hyperthermia may have
detrimental effects on brain tissue, meticulous atten-
tion to temperature control is necessary to prevent
over-heating during rewarming [4,5]. A sole monitor-
ing of bladder or rectal temperatures to guide rewarm-
ing process from hypothermic CPB should therefore
not be used, and even with temperature measurements
in the postoperative period, higher brain than central
and peripheral temperatures must be regarded. 

Hypothermic cardiopulmonary bypass and 
rewarming issues 

As yet, no clinical study has demonstrated definitive
long-term neuroprotective effects of hypothermia on
neurocognitive outcomes after CPB [5], and a recent
10-year analysis of 4380 consecutive patients with iso-
lated coronary artery grafting on CPB did not report
differences in stroke incidence after intraoperative
normothermic versus hypothermic CPB [8]. Although
there may be many confounders in all of the studies re-
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ported so far, including variable use of depth of hy-
pothermia, the allowance of body temperatures to drift
by themselves, or differing hematocrit and blood glu-
cose levels [1], this lack of effect may be due to the
fact that hypothermia is usually initiated after aortic
cannulation and the start of CPB, and that patients are
rewarmed before conclusion of CPB. During the on-
pump time period, however, the risk for cerebral em-
bolism is rather small, because the heart is excluded
from the circulation by cross-clamp. In contrast, risks
for micro- and macroembolism are much higher dur-
ing other intraoperative procedures such as aortic ma-
nipulations of cannulation, cross-clamping and un-
clamping, or weaning from CPB. Nevertheless, what-
ever neuroprotection may be afforded by hypothermic
CPB, it has become clear that a too rapid rewarming
after hypothermia may negate all beneficial effects of
lower brain temperatures, and that thermal overshoots
with the result of inadvertent hyperthermia may harm
the brain [1,3,4,5]. For example, when a slow rewarm-
ing rate of maintaining a difference of no more than
2°C between nasopharyngeal and CPB bypass temper-
ature was compared to rewarming with a 4-6°C tem-
perature gradient from hypothermic CPB at 28-32°C,
lower peak rewarming temperatures resulted in better
cognitive performance at 6 weeks after CABG [9].
When patients having been cooled to 32°C for CABG
were randomized to intraoperative rewarming to either
37°C or 34°C, neuroprotective effects on some cogni-
tive functions could still be observed at 3 months after
surgery with less rewarming [10]. Interestingly, a re-
cent 5-year follow-up report described a trend towards
less neurocognitive deficits for patients with hypother-
mic intraoperative rewarming and prolonged postoper-
ative maintenance on hypothermia at 34 – 36°C over
12 hours [11]. Nevertheless, weaning patients at lower
temperatures increases the risks for hemodynamic in-
stability and other systemic complications such as co-
agulatory disturbances. The potential benefits of such
a practice for the brain must therefore be weighed
against the hazards of inducing hypothermia-related
systemic adverse effects. However, in current routine
day-to-day care aimed at postoperative normothermia,
early post-bypass body surface rewarming and other
warming techniques may become necessary to prevent
shivering and a temperature “after-drop” following
CPB, or to mitigate hypothermia from limited CPB re-
warming applied with the intent of minimizing post-
bypass hyperthermia [12].           

Normothermic cardiopulmonary bypass and 
cerebral normothermia

The use of normothermic CPB may especially be asso-
ciated with less postoperative systemic complications
such as wound and systemic infectious diseases, short-
er duration of mechanical ventilation, or reduced need
for hemodynamic support. Nevertheless, also with
normothermic CPB, it is equally of crucial importance
to closely monitor and - if necessary - correct brain
temperatures to the targeted physiological ranges to
avoid cerebral hyperthermia. Reports of poor cerebral
oxygenation values in some of the normothermic CPB
studies can be explained by continuous, active warm-
ing from the onset of bypass throughout the procedure
to maintain bypass temperatures above 35°C or at
37°C [3]. However, obviously even slightly increased
intraoperative brain temperatures in normothermic
CPB may exert injurious cerebral effects and cause
poor neurological outcomes [5,13]. When applying in-
traoperative normothermic CPB or allowing tempera-
tures to drift towards tepid values, even mild, but dan-
gerous cerebral hyperthermic episodes must therefore
be prevented by all means.

Postoperative temperature management after
cardiopulmonary bypass 

Within the first two postoperative days after cardiac
surgery and CPB, variable degrees of hyperthermic
temperature episodes and fever (> 38°C) are common
[14]. This is of great clinical relevance, because many
of the overt strokes that follow cardiac surgery occur
in the postoperative period [1,4], and additional cere-
bral hyperthermia can only exacerbate brain tissue in-
jury. Maximum temperature increases (37 - 39°C)
within 24 h after coronary artery bypass surgery with
hypothermic CPB were reported to be associated with
cognitive decline at 6 weeks post-surgery [15], imply-
ing the necessity for therapeutic interventions aimed at
strict postoperative brain temperature control to nor-
mothermia. If only core temperature measurements are
available during this period of care after heart surgery,
differences to cerebral temperatures must be consid-
ered. As underlying pathophysiology, both a potential
injury to central hypothalamic temperature regulation
centers and the inflammatory response after cardiac
surgery and CPB have been accused to be a cause of
postoperative fever [14]. However, recent evidence
mainly suggests an inflammatory mediation of sys-
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temic temperatures [16], which may be independent of
intraoperative CPB temperatures [17]. Unfortunately,
bearing in mind that neurocognitive deficits in the ear-
ly postoperative period have been associated with
long-term functional cerebral decline after CPB
[1,4,5], it becomes clear that the interpretation of ef-
fects of intraoperative normo- versus hypothermic
CPB on the brain based on the as yet existing clinical
trials is almost impossible. The studies did not control,
report or consider postoperative temperatures in their
analysis of (long-term) outcomes.

Concluding remarks 

It is much too early to conclude that hypothermia in
general does not represent a protective strategy for
prevention of postoperative functional decline in the
setting of cardiac surgery with CPB, but it can also not
be concluded that normothermic CPB is more detri-
mental. As recently suggested from pooled study data,
prolonged postoperative therapeutic cooling may po-
tentially result in less long-term neurocognitive de-
cline after cardiac surgery and CPB [18]. This may in
part relate to counteracting negative effects of long-
lasting systemic and cerebral inflammatory cascades.
Moreover, after cardiac arrest, patients are cooled for
at least 12- 24 h, and after traumatic brain injury, time
periods of hypothermia with a duration of more than
48 h have been reported to improve cerebral outcomes
only [19]. However, especially in the setting of heart
surgery, the extension of intraoperative therapeutic hy-
pothermia into the postoperative period may be asso-
ciated with many unwanted adverse effects and exac-
erbate hemodynamic dysregulation. Such adverse ef-
fects are usually even more severe in patients at high-
er ages and with poor general health, that may per se
predictably suffer from greater post-surgical neurolog-
ic decline. As a proposal for new therapeutic ap-
proaches to cooling therapy in the setting of CPB, the
induction of hypothermia before performing rather
risky procedures such as aortic manipulations may be
worthwhile considering. In conclusion, there is a lack
of valid perioperative protocols to guide the manage-
ment of therapeutic normo- and hypothermia in car-
diac surgery with CPB. Optimizing neurologic recov-
ery may thus only be achieved with implementing an
entire bundle of many aspects of evidence-based prac-
tices for improved surgical and cardiopulmonary by-
pass techniques as well as improving peri- and postop-
erative care [20].  Further clinical outcome-orientated

research on the significance of therapeutic hypother-
mia for prevention of brain dysfunction and injury af-
ter heart surgery is urgently warranted.
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Methods, Possibilities and Perspectives of Pre-symptomatic
Tumor Diagnostics

There is no doubt that the early diagnosis of tumors is the most effective way to reduce the mortality caused
by neo-plastic diseases. Pre-symptomatic tumor diagnostics may be considered as secondary prevention
by effective screening to identify cancer at a localized and curable stage. In this book methods, possibili-
ties and perspectives of pre-symptomatic tumor diagnostics will be discussed. Because of the heterogene-
ity of tumors in genes and protein expres-sion as well as in the biological behaviour one approach alone
is insufficient for a highly specific, sensitive and cost-effective screening. In four chapters the requirements
for an effective screening, the value of conventional "screening" methods (tumor markers, anatomical im-
aging modalities), and the search for novel biomarkers (tumor associated genes, antigens and autoanti-
bodies) in terms of non-imaging screening as well as novel developments in imaging tech-nologies and
endoscopical approaches will be described. 
Pre-symptomatic tumor diagnostics is a complex field that needs interdisciplinary research. The societies
Gesellschaft für Immundiagnostik e.V. (www.gfid.de) and Präsymptomatische Tumordiagnostik e.V.
(www.tumornetzwerk.de) co-operate to provide a communication platform - "Innovation Forum Pre-symp-
tomatic Tumor Diagnostics" - that sup-ports complex research projects between clinicians, researchers, and
industry to develop and validate new diagnostic technologies and products. This national platform will be
turned into an international institution in the future.
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Low caseload does not translate into 
inferior patient outcome
Setup of a new cardioanaesthesia 
department at the Behandlungszentrum
Vogtareuth
R. Busley, M. Oberhoffer*, M. Burgau, 
A. Lück, N. Oppitz, St. v. Sommoggy**, 
H. Mair*, A. Schütz*
Klinik für Anästhesie, Intensivmedizin und
Schmerztherapie; *Klinik für Herzchirurgie; **Klinik
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Background

Low caseload was supposed to correlate with inferior
patient outcome in some studies [1]. In July 2006, new
departments of  cardioanaesthesia and cardiac surgery
were established at a specialized hospital in private
sponsorship. During the first step of the setup process,
just 4-6 cardiac operations per week were performed.
Concomitant quality assurance analysis and bench-
marking of the results in comparison to well-estab-
lished centers will decide about justification and suc-
cess of such a new project.

Methods

Parameters of treatment and outcome quality were col-
lected prospectively during the first year of the cardio-
surgical programme at the Behandlungszentrum
Vogtareuth and compared to recently published data of
national databases.

Results

Between 12.07.2006 und 11.07.2007, n = 247 cardiac
operations were performed at our new departments.
50% of the patients were associated with high preop-
erative risk scoring (Euro-Score ≥ 6). 

Discussion

Low caseload due to the establishment of a new car-
diac surgery programme is not associated with inferior
outcome. In our opinion, participation of highly skilled
specialists, superior technical equipment and perfect
interdisciplinary cooperation is inevitable for achiev-
ing such good results.

Rapid communications

Parameters of treatment and outcome quality BHZ Vogtareuth Germany
Mitral valve repair (vs. replacement) 81% 55%[2]
CABG off-pump (vs. on-pump) 34% 8,2%[2]; 10,1%[3]
Aortic procedures (including stenting) 
(together with dept. of vascular surgery)

8,9% 4,2%[2]

Octogenarians (age ≥ 80 years) 11,3% 9,6%[3]
Emergency cases 21% 11%[3]
Cerebral Ischemia / Stroke new periop 1,6% 2,4%[4]§

Renal replacement therapy new periop 2,0% 4,7%[5]
30-day mortality 3,6% 4,2%[3]

§Nationwide data not published recently, hence, comparison to one center with high caseload
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Neuromonitoring during aortic arch 
repair with selective antegrade cerebral
perfusion
A. Carl, G. Keller, P. Schulz, P. Urbanski, 
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Objective

Selective antegrade cerebral perfusion (SACP) is in-
creasingly used in order to reduce the high mortality
(12%) and incidence of neurological complications
(9%) in aortic arch repair with deep hypothermia and
circulatory arrest (1,2). The effects of this perfusion
technique on cerebral hemodynamic and function is
largely unknown. Therefore we tested if pathological
changes of middle cerebral artery blood flow veloci-
ties and of somatosensory evoked potentials correlate
with neurologic outcome.

Methods

40 patients with a mean age of 65 ± 10,6 years under-
going complete (n=4) or partial (n=36) aortic arch re-
placement were included. We recorded the mean blood
flow velocities of both middle cerebral arteries by
means of transcranial Doppler sonography.  Bilateral
cortical somatosensory evoked potentials were record-
ed after median nerve stimulation. In this observer
study a more than 50% reduction of the somatosenso-
ry evoked response or middle artery blood flow veloc-
ity was rated as pathological.
To ensure brain perfusion left carotid artery was can-
nulated and a flow of 0,46±0,09 l/min/m2 was main-
tained after induction of hypothermia (29,3±1,5°C)
and application of 10 mg/kg BW thiopental.  

Results

No patient died perioperatively. One patient showed a
new permanent hemiplegia on his left side. In this pa-
tient  SEP amplitudes had been decreased more than
50% during SACP, but they were restored with reper-
fusion. No critical decrease in blood flow velocity had
occurred. Another patient demonstrated a transient
paralysis of his right facial nerve. During SACP there
was a reversible SEP decrease and critical flow reduc-
tion in the left middle cerebral artery.
38 patients had no new neurological dysfunction after
surgery. 21 of these patients demonstrated reductions
of their EPs amplitudes. 6 patients also had a critical
reduction of the flow velocity  in the middle cerebral
artery. 5 patients showed a  decrease in flow velocity
without critical SEP findings. In 11 patients no patho-
logical changes of SEP or flow velocities were detect-
ed.

Conclusion

The low mortality and incidence of permanent neuro-
logical dysfunction shows that SACP may improve
outcome in surgery of the aortic arch. Concerning the
avoidance of neurologic deficits additional neuromon-
itoring seems to be of low importance. It has to be
evaluated in further studies, if this conclusion is really
true and also true for the reduction of cognitive
deficits. 

Applied simulation in cardiothoracic
anaesthesia and perfusion
A. Dietz1, Ch. Benk2, F. Born3, K. Hug1, 
S. Lützow1, G. Haimerl1

1Hochschule Furtwangen, 2Universitätsklinik
Freiburg, 3Herzzentrum Bodensee, Germany

Introduction

Patient simulators have proven to be extremely useful
in education as well as in continuous training of health
professionals [1-3]. We have developed a simulation
device for extracorporeal circulation on the one hand
to provide improved training methods for perfusionists
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and on the other hand to develop and evaluate innova-
tive perfusion systems.

Methods

Our Centre for Applied Simulation located in Schwen-
ningen is directly affiliated to the Hochschule Furt-
wangen University. We have been dealing with simu-
lation systems in medicine since the 1990s. At the be-
ginning we focused on mere software-simulations [4]
and simple models to simulate different bodily func-
tions mainly.
Meanwhile we have developed the patient simulator
“CardioSim” [5] that is able to simulate complete heart
surgeries in realistic environment. For the purpose of
review and evaluation the whole process is recorded
by cameras and supervised by a trainer via monitors
and mirrored-glasses in the room next to our operation
room. 
The software tools [6] which are necessary to control
the simulator have been developed by our students,
while the patient simulator has been built up by adding
a cardiovascular system, with anatomic correctly
placed access points for perfusion-cannulae, to a dum-
my. 
All parameters provided by connected medical devices
(heart-lung machine, perfusor, hypothermia device,
anaesthesia device)  as well as medical treatment pa-
rameters are detected and displayed on the monitors.
Thus the trainer and/ or the underlying physiological
models are able to react to the given data appropriate-
ly. 
Concerning cases of emergency or critical incidents
e.g. clotting of the oxygenator, air-bloc, pump failure,
adequate reactions are extremely important and thus
simulations are especially useful. Therefore we have
developed different critical scenarios [7] which can be
activated by the trainer and at best the student reacts
correctly and solves the problem.
Another field of application concerns development
and evaluation of innovative technologies. Here, we
plan to modify our simulator in such a way that we are
able to test new systems (e.g. minimal extracorporeal
bypass circuits) and improve them iteratively without
endangerment of patients.
In order to achieve simulators in step with actual prac-
tice, we collaborate with the University Medical Cen-
ter Freiburg, the Heart Center Bodensee and the Med-
ical Center in Villingen-Schwenningen. 

Results

Building up and improving our simulation equipment
step by step has led us to different medical simulators
with a great variety of usage: first of all our students
are trained with the simulators, in addition we make
our systems available to the staff of our collaborating
institutions, then we use the systems to develop im-
proved technical devices ourselves and last but not
least we use the simulators to evaluate the new devel-
opments.

Discussion

Being able to simulate more and more bodily functions
and critical incidents, in a more and more realistic
manner we are able to provide an extremely useful
training device for perfusionists and other healthcare
professionals. 
Further improvements of our simulator concerning an-
imation of the patient and/ or embedding of additional
medical devices especially of innovative techniques
are desireable and could help to improve healthcare in
at least two ways: increased patient safety and cost ef-
ficiency.

Conclusion

In order to maintain and improve education and train-
ing devices for perfusionists and healthcare profes-
sionals, simulators have to be optimized continuously.
Especially in view of  new medical systems staff needs
to be trained sufficiently and appropriate simulators
are essential. 
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Introduction

Point-of-care (POC) tests like rotational thrombelas-
tometry (ROTEM, Pentapharm, Munich, Germany)
and impedance aggregometry (Multiplate, Dynabyte
Medical, Munich, Germany) enable fast detection of
coagulation disorders during and after cardiopul-
monary bypass, even under complete anticoagulation
with heparin. Algorithms, based on these POC tests,
can result in decreased perioperative usage of blood
components in cardiac surgery (1, 2). The aim of our
study was to establish an algorithm, based on ROTEM
and Multiplate parameters, for POC coagulation man-
agement during and after cardiopulmonary bypass. 

Methods

Based on our experience in ROTEM-based coagula-
tion management in liver transplantation (642 LTX
from January 2000 to December 2005) (3) and multi-
ple trauma patients (4), we retrospectively analysed
6928 ROTEM and 1365 Multiplate measurements,
which were performed from April 2004 to December
2006 during and after cardiac surgery with CPB. EX-
TEM, FIBTEM, INTEM and HEPTEM were used for
ROTEM analysis, and coagulation time (CT in s) and
maximum clot firmness (MCF in mm) were evaluated.
Multiplate measurements were carried out by stimula-
tion with arachidonic acid (ASPItest), collagen
(COLtest), adenosine diphosphate (ADPtest) and
thrombin receptor activating peptide (TRAPtest), and
area under the curve (AUC in AU x min) was quanti-
fied. Data from one prospective study, concerning the
predictive value of impedance aggregometry for trans-
fusion requirements during and after cardiac surgery,
were also taken into account (5). 

Results

Any coagulation therapy should only be performed in
case of ongoing clinical relevant microvascular bleed-
ing. Indication for redosage of protamine: CT-In >
240s and CT-Hep/CT-In < 0.8. Indication for therapy
with PCC or FFP: CT-Ex > 90s or CT-Hep > 280s. In-
dication for fibrinogen substitution: MCF-Ex < 50mm
and MCF-Fib < 12mm. Indication for platelet transfu-
sion: MCF-Ex < 50mm and MCF-Fib > 12mm or AS-
PI < 200 or COL < 200 or ADP < 300 or TRAP < 500
AU x min.

Conclusion

ROTEM and Multiplate allow to perform POC coagu-
lation tests even during and after cardiac surgery with
CPB. This enables fast and goal-directed therapy with
specific blood components and coagulation factor con-
centrates. The presented algorithm is a step to improve
perioperative coagulation management in cardiac sur-
gery, but has to be validated by controlled clinical
studies. 
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HIT (me) or not?
Peracute intracardiac thrombosis after
heparin application during ECMO 
M. Grossherr1, B. Sedemund-Adib1, 
M. Misfeld2, M. Bechtel2, J. Babin-Ebell2, 
H. Heinze1, M. Heringlake1

1Departments of Anaesthesiology and 2Cardiac
Surgery, University of Lübeck, Germany

Case report

A 41 year old male patient with a longstanding history
of moderate aortic regurgitation due to a bicuspid aor-
tic valve, chronic kidney disease, suspected alcohol
and cocaine addiction, and recurrent episodes of heart
failure was referred to our university hospital. In the
immediate preoperative period the patient presented
with signs of acute biventricular heart failure and dys-
pnoea, progressive hepatic and renal dysfunction, an
intermittent cognitive disorder, and a pneumonia that
was treated with piperacillin and combactam. The left
ventricular ejection fraction was 15%; aortic regurgita-
tion was now graded as severe (grade IV°).
Following surgery (in moderate hypothermia) weaning
from CPB was accomplished uneventfully with in-
traaortic counter pulsation (IABP), intermediate doses
of inotropes (enoximone, dobutamin) but high doses
of noradrenaline. No TOE was performed due to sus-
pected esophageal varices.
A few hours after ICU-admission, despite a cardiac in-
dex greater than 4.0 and a normal mixed venous oxy-
gen saturation, the patient developed progressive hy-
potension that was unresponsive to even excessive
doses of noradrenaline. 
A left ventricular assist device (Levitronix Centrimag,
Levitronix LLC, Waltham, Massachusetts) was im-
planted. A few hours after this procedure, the patient
developed progressive respiratory failure and severe

right heart dysfunction that did not respond to conser-
vative treatment and a veno-arterial extracorporal
membrane oxygenation system (ECMO) using the
Centrimag system was implanted. The cardiocirculato-
ry situation stabilized immediately, leading to a reduc-
tion of the inotropic and vasopressor pharmacological
support. Oxygenation was adequately maintained dur-
ing ECMO. Dramatically increased systemic inflam-
mation markers were attributed to the pneumonia,
thrombocytes were in the lower range. However, the
chest x-ray revealed a severe pulmonary edema that
did not respond to a negative fluid balance. Assuming
inadequate drainage of the left heart, the insertion of a
second venous cannula in the left atrium was planned.
Of note, no heparine had been given within 36 hours
after starting ECMO.  
With respect to the fact that adequate positioning of
the additional cannula would require echocardiograph-
ic guidance, a transesophageal echocardiography
(TOE) was performed despite the suspected
esophageal varices. Astonishingly, a severe mitral in-
sufficiency was observed and hypodensic structures on
the anterior and posterior leaflet highly suggestive of a
mitral endocarditis.  
While waiting for an experienced TOE- investigator to
verify the result and thereby the indication for a mitral
valve replacement, the patient was prepared for car-
diopulmonary bypass and a heparin bolus (400 i.U/kg
bw) was applied. 
Within minutes, the hypodensic structures at the mitral
valve increased and a foudroyant thrombosis of the left
atrium and the left ventricle developed. Heparine was
antagonized, further operative interventions were
stopped, and the anticoagulant therapy was immedi-
ately switched to argatroban while waiting for the re-
sults of a screening test for heparin induced thrombo-
cytopenia type II (HIT II).  Interestingly, this screening
test was negative, D-Dimers were raised, and coagula-
tion tests were prolonged. 
The patient was transferred to another heart center for
possible high-urgency heart transplantation but died
during the ICU stay.

Discussion 

The short interval between the application of the he-
parin bolus and the echocardiographically detected
thrombosis of the left atrium and ventricle raised the
suspicion diagnosis of HIT II, a major complication
following cardiopulmonary bypass. In 25 -50% of the
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patients heparin dependent antibodies will develop,
but only in 1-3% a clinical manifestation of the HIT
will occur as an arterial or venous thrombembolic
complication as a life threatening situation [1,2]. 
However, as the sensitivity of the screening test is
about 95%, a negative result should prompt to consid-
er alternative diagnoses like disseminated intravascu-
lar coagulation (DIC) as an expression of a severe un-
derlying inflammatory process, i.e. caused by an endo-
carditis [3]. Unfortunately we cannot solve the definite
aetiology of this ultimately lethal severe intracardiac
thrombosis. Retrospectively, the acute preoperative
deterioration of the patient in association with highly
elevated systemic inflammatory markers is highly sug-
gestive, that the underlying process was an endocardi-
tis that remained undetected (and was inadequately
treated). 
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TOE-monitoring during minimal invasive
heart valve surgery
M. Hansen, G. Wagner, U. Franke*, G. Klein
Department of Anesthesia, *Department of Cardiac
and Vascular Surgery, Robert-Bosch-Krankenhaus,
Stuttgart, Germany

The change in operations to minimal invasive heart
valve surgery with smaller incisions and special surgi-
cal instruments to repair or replace valves in most cas-
es requires special anesthesia procedures. Minimal in-
vasive surgery implicates highly sophisticated anes-
thesia procedures.  
In the last 6 months we have performed 23 mitral
valve reconstructions, 2 mitral valve replacements, 2

tricuspidal valve reconstructions and 7 aortic valve re-
constructions using minimal invasive technique in our
institution.
Mitral valve procedures will be done with right
minithoracotomy incision and femoral cannulation for
arterial and venous access. Transoesophageal echocar-
diography monitoring (TOE) during minimal invasive
mitral valve surgery is of vital importance. The follow-
ing basic essentials are done with TOE monitoring: 
– verify the nature of valve defect
– observe the venous femoral cannulation, monitoring

position of  seldinger guide wire and look for tip of
catheter in vena cava superior

– measure diameter of left atrium and valve diameter
for self adjusting atrial retractor (MitraXsTM)

– measure the papillary muscle chords (in case of
chord replacement)

– monitor weaning of cardiopulmonary bypass, filling
status of right and left ventricle, wall movement

– monitor the effect of valve repair procedure or detect
problems during valve replacement after cardiopul-
monary bypass

During tricuspidal valve replacement the procedure
with TOE - monitoring is nearly the same compared to
mitral valve procedure. Additionally we use 18 or 20
FR cannula placed in vena jugularis interna under
sonography assistance.
Minimal invasive aortic surgery requires the same
monitoring compared to conventional aortic surgery.
The reduced access to the heart often needs TOE-
monitoring during weaning of cardiopulmonary by-

Fig. 1: Right minithoracotomy incision
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pass. A postoperative pitfall: marginal bleeding can re-
sult in hemodynamically important tamponade. There-
fore our threshold for postoperative echocardiography
examinations is very low. 
The new minimal invasive techniques enlarge the in-
traoperative challenge and responsibility of the anes-
thesiologists and need more experience with TOE. 

References

1. Kessler P, Lische V, Westhphal K (2000) Anästhesiologische
Besonderheiten bei der minimal-invasiven Herzchirurgie. Anaes-
thesist 49: 592-608

Cerebral oxygenation monitoring in 
patients undergoing deep hypothermic
circulatory arrest for cardiothoracic 
surgery
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Background

Monitoring of cerebral oxygenation by near-infrared
spectroscopy (NIRS) has been suggested as a valuable
tool for the non-invasive determination of cerebral
perfusion [1]. The results from observational and

small prospective studies suggest that maintaining the
cerebral oxygen saturation ratio (actual rSO2 / baseline
(preoperative) rSO2)) higher than 0.75 to 0.8 reduces
postoperative neurological dysfunction and improves
outcome in cardiac surgery and general surgery pa-
tients [2,3,4]. In 2006 we adopted this technology in
our cardiac anesthesia unit and started to measure rSO2
in an increasing number of patients undergoing deep
hypothermic circulatory arrest with an INVOS® cere-
bral oxymeter (SOMANETICS, Troy, USA). 
Limited clinical data are available about the usefulness
of rSO2-monitoring in patients undergoing deep hy-
pothermic circulatory arrest (DHCA) for major cardio-
thoracic surgery. We thus performed a retrospective
analysis to determine the relationship between intraop-
erative cerebral desaturation and postoperative neuro-
logical outcome. 

Methods

Following approval by the local ethical committee an
analysis of the anesthesia charts and the institutional
cardiac surgery database 2006 was performed to deter-
mine the intraoperative course of the rSO2-ratio and
the incidence of neurological dysfunction in patients
undergoing cardiac and/or thoracic vascular surgery
with DHCA. The minimal rSO2-ratio was calculated as
minimal rSO2 / baseline rSO2. 
Patients were grouped according to a rSO2 ratio less or
greater than 0.8 for the left or the right hemisphere in
a desaturation (desat) and a no-desaturation (no-desat)
group. Statistical analyses were performed with Mann-
Whitney U test for continuous and Fisher’s exact test
for nominal variables. Data are given as median (min-
imum, maximum). A p < 0.05 indicates statistical sig-
nificance.

Results

51 patients were identified that fulfilled the criteria of
DHCA and concomitant, bi-hemispheric rSO2-moni-
toring. 11 patients were identified that had a rSO2 ratio
< 0.8 during the procedure. No between group differ-
ences in demographic variables, preoperative left ven-
tricular ejection fraction, and EuroSCORE (median:
8.0) were observed. 4 patients in the desat and 3 pa-
tients in the no-desat groups were emergency cases
presenting with type A aortic dissection or a ruptured
aortic aneurysm; one of the emergency cases in the de-

Fig. 2: TOE, tip of cannula in vena cava superior
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sat-group entered surgery during cardiopulmonary re-
suscitation. 
Duration of CPB, aortic cross-clamp and DHCA were
(CPB: desat: 160 (135; 330) min; no-desat: 177 (85;
310) min; cross-clamp: desat: 123 (0; 248) min; no-de-
sat: 140 (42; 293) min; DHCA: desat: 25 (14;74) min;
no-desat: 20 (15;77) min); all p = n.s.).  The minimal
rSO2-ratios in the desat-group were 0.69 (0.3; 0.89 -
left hemisphere) and 0.67 (0.52;0.77- right hemi-
sphere) and 0.99 (0.82;1.44- left hemisphere) and 0.98
(0.84; 1.53- right-hemipshere) in the no-desat group; p
= 0.001 for rSO2-min desat vs. no.desat. 
2 patients in the desat-group died during surgery (both
emergency cases), 2 patients presented with a postop-
erative stroke. Excluding non-survivors, the incidence
of an adverse neurological outcome in the desat-group
was 22% vs. 0% in the no-desat-group (p = 0.043). 

Conclusions

A decrease in the rSO2-ratio < 0.8 in patients undergo-
ing cardiac surgery with DHCA is associated with a
significant risk of an adverse neurological outcome.
These findings are in line with observations of Higami
and coworkers in a comparable setting [5] and suggest
that preventing cerebral desaturation during DHCA
procedures may help to reduce neurological deficits. 
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Increased perfusion pressure induced
with phenylephrine impairs 
microcirculatory parameters during 
extracorporeal circulation
H. Knotzer, W. Hasibeder, C. Hengl, 
B. Schwarz, P. Mair, S. Maier
Dept. of Anaesthesiology and Critical Care 
Medicine; Innsbruck Medical University; Innsbruck,
Austria

Objective

Data on microcirculatory alterations during extracor-
poreal circulation (ECC) are sparse, and little is known
about influences of different perfusion pressures on
tissue oxygen delivery. The objective of the present
study was to investigate sublingual microvascular
flow index (MFI) assessed with sidestream dark-field
imaging, microvascular blood flow (PU) measured
with a laser Doppler Flowmeter, and microvascular
haemoglobin oxygen saturation (HbO2mc) recorded
with a spectrophotometer during ECC and different
perfusion pressures with a constant systemic blood
flow.

Methods

Fifteen patients undergoing coronary artery bypass
grafting on cardiopulmonary bypass were enrolled in
the study. Demographic data, systemic haemodynam-
ics and oxygen transport variables, arterial and mixed
venous blood gas analysis, and microcirculatory pa-
rameters were determined after initiation of general
anaesthesia before ECC. A second measurement was
made after starting ECC with a constant systemic
blood flow of 2.4 L/m2 without any intervention influ-
encing perfusion pressure. After that, the perfusion
pressure was increased by 20 mmHg of baseline val-
ues with the α1-agonist Phenylephrine (PE), and a
third measurement was recorded. PE infusion was
stopped, and after further 15 minutes in terms of a
cross-over study the last measurement was made.



Rapid communications 47

Results

Initiation of ECC resulted in significant (p<0.05) alter-
ations in systemic oxygen transport variables and
blood gas analysis values (table 1). No alterations in
microcirculatory parameters were observed after start-
ing the ECC. Increasing perfusion pressure from 47 ±
9 to 68 ± 7 mmHg with a mean dose of 1.4 ± 1.0
µg/kg/min PE resulted in significant impairment of
sublingual microcirculatory parameters without
changes in systemic oxygen transport variables or
blood gas data (table 2). Microcirculatory blood flow
and flow quality, and tissue oxygen consumption re-
stored after stopping the PE infusion.

Conclusion

Increasing perfusion pressure raised by PE resulted in
a decreased tissue oxygen extraction ratio indicated by
an increase in HbO2mc in the venules. This deteriora-
tion of tissue oxygen consumption is explained by a

significant attenuation in MFI due to a decrease in well
perfused capillaries. 

Cardiopulmonary bypass failure during
video-assisted minimally invasive mitral
valve surgery
A. Krug, N. Siregar, P. Asmussen, 
P. H. Tonner
Department of Anaesthesia and Intensive Care Medi-
cine, Klinikum Links der Weser, Bremen, Germany

Case Presentation

A 71- year-old female (149 cm, 41 kg) with severe mi-
tral regurgitation underwent video-assisted minimally
invasive mitral valve surgery through a small right mi-
ni-thoracotomy in the fourth intercostal space. Moder-

Tab. 1: Systemic parameters before and after initiation of ECC

Before ECC ECC p-values
Perfusion pressure (mmHg)
Syst. Flow Index (L/m2)
Hb (g/dl)
Hct (%)
pHart
HCO3

– (mMol/L)
BE
PaO2 (mmHg)
PaCO2 (mmHg)
DO2I (mL/m2/min)
VO2I (mL/m2/min)
ERsys (%)

72.5 ± 10.8
2.6 ± 0.4
12.1 ± 1.3
35.5 ± 3.7
7.41 ± 0.04
24.6 ± 2.2
0.0 ± 2.2
250 ± 120
39.4 ± 5.9
457 ± 97
98 ± 52

18.2 ± 2.6

47.0 ± 8.8
2.4 ± 0.0
7.9 ± 1.1
23.3 ± 3.1
7.35 ± 0.04
22.7 ± 2.2
-2.7 ± 2.5
273 ± 45
42.1 ± 3.4
279 ± 33
71 ± 12

25.3 ± 3.8

p < 0.001
p = 0.002
p < 0.001
p < 0.001
p = 0.001
p = 0.029
p = 0.04
p = 0.506
p = 0.148
p < 0.001
p = 0.083
p < 0.001

Tab. 2: Microcirculatory parameters during ECC

Before PE PE After PE
Perfusion pressure (mmHg)
MFI (arbitrary units)
HbO2mc (%)
PU (arbitrary units)

47. 0 ± 6.8
2.4 ± 0.3

71.7 ± 11.0
111 ± 54

68.1 ± 7.0 #*
1.8 ± 0.3 #

83.5 ± 7.4 #*
197 ± 100 #*

48.7 ± 6.0
2.2 ± 0.4
72.3 ± 8.0
88.5 ± 66.3

#: significant (p<0.0167) compared with Before PE; *: significant (p<0.0167) compared with After PE
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ate coronary heart disease and severe rheumatoid
arthritis were known. 
Optimizing our CPB by reducing priming volume, we
used the D 905 EOS hollow fiber oxygenator from
Dideco for “big children” and “small adults” connect-
ed to a hardshell reservoir divided into a venous and a
cardiotomy reservoir with integrated cardiotomy filter. 
Under thoracoscopic vision and peripheral CPB using
femoral arterial cannulation and  femoral venous can-
nula insertion in the right atrium by continuous TOE
(trans-oesophageal echocardiography) control, a re-
duced venous return was detected.
A malposition of the venous cannula was ruled out un-
der TOE control and adequate anticoagulation was
confirmed (ACT > 999). No improvement could be
achieved after placing a separate superior vena cava
cannula, so CPB had to be replaced. 
The inspection of the Oxygenator D 905 EOS pre-
sented an obstruction caused by an gelatin related
film on the surface of the venous reservoir filter.
The cardiotomy reservoir filter was without patholog-
ical findings.
Until investigation is finished, the Oxgenator D 905
EOS is out of use in our clinic.  

Differences between surviving and 
non-surviving patients treated with 
levosimendan undergoing cardiac surgery
for acute myocardial ischemia
A. Lehmann, A. H. Kiessling*, F. Isgro*, 
J. Lang, J. Boldt
Department of Anesthesiology and Intensive Care
Medicine, Germany; *Department of Cardiac
Surgery, Germany

Introduction

Levosimendan is a calcium sensitzer with a dual me-
chanism of action. It acts as a positive inotropic agent
by binding calcium dependently to cardiac troponin C
[1]. Second, levosimendan activates ATP-dependent
potassium channels. Thus it has additional cardiopro-
tective and vasodilatory properties [2]. These unique
properties of levosimendan might be of great advan-
tage in patients with myocardial ischaemia simultane-
ously requiring inotropic support [3]. 

Methods

28 patients with acute myocardial infarction (100%)
and/or cardiogenic shock (50%) who were scheduled
for emergency cardiac surgery were studied. Levosi-
mendan (6 µg/kg bolus; 0.2 µg kg-1 min-1 continuous
infusion) was started as early as possible before car-
diopulmonary bypass (CPB) in addition to cate-
cholamines. 

Results

EuroSCORE was 13, (9-21) with a predicted mortali-
ty of 40%, (14-90%) (median, range). 24 patients were
weaned successfully from CPB in the 1st attempt, 3 pa-
tients in the 2nd attempt. 21 (75%) patients survived
(SP), 7 (25%) patients died (NSP). Survivors had a
lower (p<0.05) predicted mortality (35±17%) than the
NSP (71±16%). SP were younger (p<0.05) (59±19
years) compared to NSP (71±8 years). Cardiac index
was significantly higher in SP compared to NSP after
CPB. An intra-aortic balloon pump was inserted in
19% of the SP and in 71% of the NSP (p<0.05). Dial-
ysis for renal failure was needed in 1 (5%) of the SP
and in 2 (29%) of the NSP (n.s.). Surviving patients
were ventilated for 26±20h, treated at the ICU for
5.1±4.9 days, and dismissed from hospital after 15±19
days.

Conclusion

In patients with acute myocardial ischemia undergoing
emergency CABG, additional treatment with levosi-
mendan did not increase mortality compared to the Eu-
roSCORE database. Whether levosimendan is benefi-
cial in patients with acute ischemia undergoing cardiac
surgery must be answered by a prospective random-
ized trial. Surviving patients were younger, less se-
verely ill, had a minor extent of myocardial damage,
and had fewer complications compared to non-surviv-
ing patients.
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Levosimendan in patients with acute 
myocardial ischaemia undergoing 
emergent surgical revascularization
A. Lehmann, A. H. Kiessling*, F. Isgro*, 
J. Lang, J. Boldt
Department of Anesthesiology and Intensive Care
Medicine, Germany; *Department of Cardiac
Surgery, Germany

Introduction

Levosimendan is a calcium sensitizing drug with
unique properties. It enhances myocardial contractility
without increasing intracellular calcium [1]. By acti-
vating ATP dependent potassium channels it exerts
cardioprotective and vasodilatory effects [2]. Thus it
has cardioprotective and vasodilatory properties at a
dose enhancing myocardial contractility. These unique
properties of levosimendan might be of great advan-
tage in patients with myocardial ischaemia simultane-
ously requiring inotropic support [3]. 

Methods

A retrospective matched pair analysis was performed
in 52 patients undergoing emergency coronary artery
bypass grafting (CABG) for acute myocardial is-
chaemia with or without cardiogenic shock. 27 pa-
tients received levosimendan (bolus 6µk/kg; continu-
ous infusion 0.2µg/kg/min) in addition to cate-
cholamines, while  25 patients were treated with cate-
cholamines only.

Results

Predicted mortality by logistic EuroSCORE was 42%
(14-90%) in the levosimendan group and 38% (9-
90%) in the control group (median, range). Cardio-
genic shock was diagnosed in 52% of the levosimen-
dan patients and 52% of the control group patients.
Compared to control group levosimendan treated pa-

tients had fewer intraaortic balloon pumps inserted
(33% levosimendan; 76% control, p<0.05), and were
ventilated for a shorter period (39±39h levosimendan;
106±109h control, p<0.05). In this limited number of
patients the reduction in mortality at day 30 (26% lev-
osimendan; 44% control, p>0.05) and need for dialy-
sis (11% levosimendan; 32% control, p>0.05) did not
reach statistical significance. Length of stay in hospi-
tal did not differ (14±18days, levosimendan;
13±19days, control; p>0.05). 

Conclusion

In a retrospective matched pair analysis of 52 patients
undergoing emergent CABG for acute ischaemia, lev-
osimendan reduced morbidity. The reduced morbidity
was not translated in a reduced mortality and a shorter
length of stay. A prospective randomized trial is ur-
gently warranted to prove the potentially beneficial ef-
fects of levosimendan in patients with acute is-
chaemia. 
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Fatal hepatic failure after aortic valve 
replacement and sevoflurane exposure
A. Lehmann, M. Neher*, A. H. Kiessling*,
F. Isgro*, A. Koloska+, J. Boldt
Department of Anesthesiology and Intensive Care
Medicine, Germany; *Department of Cardiac
Surgery, Germany; +Department of Pathology,
Klinikum der Stadt Ludwigshafen, Germany

Introduction

We report a lethal hepatic failure in a woman undergo-
ing cardiac surgery with a sevoflurane, sufentanil and
propofol anesthesia. 
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Case report

An 76 year old woman with a history of 4 minor sur-
gical procedures developed acute liver failure after
general anesthesia with sevoflurane, sufentanil and
propofol for aortic valve replacement. After an un-
eventful procedure the patient was extubated 4.5 hours
after surgery. On the 2nd postoperative day, serum ala-
nine aminotransferase (ALT) and aspartate amino-
transferase (AST)  increased. On the 3rd postoperative
day liver failure occurred, ALT peaked at 10504U/L
and AST at 15516U/L, and coagulopathy with an inter-
national normalized ratio of 4.6 developed. Liver
transplantation was considered but rejected. The pa-
tient died 3 days after the operation in multiple organ
failure triggered by hepatic failure. Other causes for
liver failure were excluded. 

Discussion

Most halogenated volatile anesthetics, like halothane,
enflurane, isoflurane, and desflurane undergo cy-
tochrome P450 mediated oxidative metabolism to
form trifluoroacetylate (TFA) hepatic proteins [1,2].
These altered liver proteins that might act as haptens
and may cause an immune mediated hepatotoxicity at
reexposure. Sevoflurane, however, does not form TFA
liver proteins [1,2]. 2-5% of the administered sevoflu-
rane are metabolized by the cytochrome P-450 system
to hexafluoroisopropanol (HFIP), inorganic flouride
and formaldehyde [2]. HFIP has a low binding affini-
ty to liver proteins and is rapidly glucorinated and
eliminated by the kidneys [2]. Theoretically, patients
sensitized to other volatile anesthetics could safely be
anaesthetized with sevoflurane. However, Compound
A may play a key role for the obvious hepatoxic effects
of sevoflurane [3]. Compound A directly reacts with
proteins. It can transform proteins into antigenic mate-
rial. In rodents, repeated exposure to Compound A re-
sulted in the same humoral response to TFA serum al-
bumin like halothane [4].

Conclusions

Sevoflurane hepatitis may be implicated in this case of
cardiac surgery with extracoporeal circulation.
Sevoflurane used in a semi-closed or closed circuit can
cause severe hepatic injury like all other halogenated
volatile agents. However, hepatic hypoperfusion and

or hepatic embolism can never be completely exclud-
ed in a patient undergoing valve surgery. 
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Development of a minimized ECC system 
With regard to clinical aspects
C. Lipps, F. Born, T. Dreizler, O. Schmid, 
C. Starck, M. Behrens
Herzzentrum Bodensee, Konstanz, Germany

Background 

The implementation of ECC is becoming increasingly
important and it also is a safe alternative to off-pump
surgery. We developed a minimized ECC-system for
clinical performance with high biocompatibility and
lower priming volume, to minimize the potentially ad-
verse influences of the ECC.

Method 

We established a minimized system, with all the ad-
vantages of a standard perfusion circuit for routine use
in adult surgery. Using autologous bloodpriming the
total volume is 300ml. 
We compared 30 patients with the minimized bypass
system miniMAXX and 30 patients with a standard
bypass system. A selection due to the severity of the
disease was not done. All procedures were performed
by the same surgeon. 
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Results 

We present our latest results. Due to the reduced prim-
ing volume, the hematocrit is significantly higher than
in the standard ECC control group. The intraoperative
and postoperative demand for blood products was sig-
nificantly reduced. The system is safe and efficient in
routine use. Both groups show no significant differ-
ences with regard to the time of extubation and length
of hospital stay.

Discussion 

Minimized ECC-systems differ remarkably from the
conventional ECC. One outstanding advantage of
miniMAXX is, in case of complications or a change in
surgical strategy, conversion to a normal ECC-system
is safe and quickly done. This ensures maximum safe-
ty for the patient, throughout the entire procedure.

Development of a method to assess the 
efficacy of fibrinogen concentrate 
(Haemocomplettan®) for treatment of 
excessive bleeding in aortic valve and 
ascending aortic operation
N. Rahe-Meyer1, M. Pichlmaier2, 
C. Solomon1, C. Gras1, S. Piepenbrock1, 
M. Winterhalter1

1Department of Anaesthesiology, Hannover Medical
School, Hannover, Germany; 2Department of Car-
diac, Thoracic, Transplantation and Vascular
Surgery, Hannover Medical School, Hannover, Ger-
many

Background

In cardiac surgery with the use of a cardiopulmonary
bypass (CPB) intraoperative coagulation disturbances
are common and require coagulation therapy. It is nor-
mally done with allogeneic blood products - platelet
concentrates (PC) or fresh frozen plasma (FFP) –
which are sometimes supplemented by factor concen-
trates. On the other hand in acquired coagulation defi-
ciency no indisputable proof exists neither for the effi-

cacy of allogeneic blood products nor of concentrates.
The purpose of our trial was to develop and test a
method to assess the efficacy of intraoperative coagu-
lation therapy with fibrinogen concentrate in elective
aortic valve and ascending aortic operation (AV-
AAO).

Methods

Analysis of data from a retrospective group A (n=42)
with elective AV-AAO in our center in 2006 led to the
definition of a transfusion algorithm for this specific
type of operation which was then applied to the
prospective groups. If platelet count at the end of CPB
was lower than 100,000 / µL and in case of microvas-
cular bleeding the first therapy step consisted of 2
units PC and if bleeding persisted the second step con-
sisted of 4 units FFP. When platelet count was above
100,000 / µL the fist step inversely consisted of 4 FFP
and the second of 2 PC. The trigger for coagulation
therapy was blood loss measured by adsorption of
blood from the operation field into dry surgical clothes
during 5 minutes. Blood loss higher than 60 g required
haemostatic therapy. This gravimetric measurement
were performed after heparin neutralization and surgi-
cal haemostasis and after each therapy step. The
prospective group B (n=5) was just treated with allo-
geneic blood products as group A but with the strict al-
gorithm and gravimetric trigger. This also applied ac-
cordingly to the prospective group C (n=10) but this
group received fibrinogen concentrate (Haemocom-
plettan® P, CSL Behring, Marburg, Germany) as first
step of therapy before potentially following steps with
PC or FFP. The Haemocomplettan P dose was defined
by means of ROTEM measurements at the end of
CPB, targeting 22 mm FIBTEM-MCF after therapy.
The use of blood products (intraoperative post-CPB
and first day on intensive care unit (ICU)) and the
drainage volume (first day on ICU) were compared be-
tween groups.

Results

The groups were comparable regarding patient and op-
erative characteristics. Coagulation therapy in group C
consisted of a mean of 5.7 ± 0.67 g Haemocomplettan
P. The transfusion of blood products (intraoperative af-
ter CPB and within the first day on ICU) and 24 hours
drainage volume were significantly lower (p<0.05 U-
test) in group C (see table). 
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Conclusion

The method we developed could be integrated in peri-
operative procedures and was appropriate to assess the
efficacy of perioperative coagulation therapy with fib-
rinogen concentrate. Furthermore, fibrinogen concen-
trate therapy leads to satisfactory intraoperative man-
agement of bleeding. Lastly, therapy with fibrinogen
was associated with a considerable reduction in the us-
age of allogeneic blood products and with a reduction
of the 24 hours postoperative drainage volume.

Treatment of intra-operative bleeding 
in thoracoabdominal aortic surgery with
fibrinogen concentrate 
N. Rahe-Meyer1, C. Solomon1, 
M. Winterhalter1, C. Gras1, S. Piepenbrock1,
M. Pichlmaier2

1Department of Anaesthesiology, Hannover Medical
School, Hannover, Germany; 2Department for Car-
diac, Thoracic, Transplantation and Vascular
Surgery, Hannover Medical School, Hannover, Ger-
many 

Background

Serious, life threatening disturbances of coagulation
are common in thoracoabdominal aortic surgery espe-
cially if the heart lung machine is employed for pe-
ripheral and organ perfusion. Commonly treatment is
with allogeneic blood products and additional factor
concentrates. However, a proof of efficacy does not
exist either for the conventional substitution therapy or
for specific replacement therapy with coagulation fac-

tor concentrates. The purpose of this study was to test
a method to assess the efficacy of intraoperative ther-
apy with fibrinogen concentrate and to develop an al-
gorithm to treat the acquired coagulation deficiency
guided by gravimetric measurements in elective thora-
coabdominal aortic surgery (TAAAR).

Methods

Based on an analysis of data from a retrospective
group (A) (n=12) following elective TAAAR in 2006,
we developed a transfusion algorithm for the intraop-
erative period following heparin neutralization with
protamine and surgical haemostasis which was applied
to a prospective group (B) (n=6). It consists of fibrino-
gen concentrate (Haemocomplettan® P, CSL Behring,
Marburg, Germany) as first line of coagulation thera-
py potentially followed by platelet concentrate units
(PC) and/or fresh frozen plasma units (FFP). 2 PC
were administered as therapy step 2 followed by 4 FFP
as step 3 if platelet count at the end of cardiopul-
monary bypass (CPB) was lower than 100,000/µL,
and conversely, 4 FFP were given followed by 2 PC if
platelet count was above 100,000/µl. The trigger for
coagulation therapy was blood loss measured by ad-
sorption of blood from the operation field into newly
introduced dry surgical clothes over 5 minutes (gravi-
metric measurements). This was done before and after
each therapeutic step. Blood loss in excess of 60 g ini-
tiated coagulation therapy. The dose of Haemocom-
plettan P administered was determined by means of a
ROTEM measurement taken shortly before weaning
from heart lung machine, targeting 22 mm FIBTEM-
MCF after therapy. Outcome measures were intraoper-
ative post-CPB and 24 hours intensive care unit (ICU)
requirement for blood products and drainage volumes.
These were compared between groups.

 Group

RBC FFP PC

units 2.4 4.5 1.6

units

units 0.8 4.2 1.6

units

units 0.5 0.2 0

units

793

716

366

8.5

6.6

0.7

drainage volume 

24 hours ICU

Intraoperative post-CPB and 24 hours ICU transfusion

A

B

C
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Results

The groups were comparable regarding baseline pa-
tient and intraoperative characteristics. Coagulation
therapy in group B consisted of a mean of 7.83 ± 2.71
g Haemocomplettan P. Haemostasis proved sufficient
following fibrinogen concentrate administration in all
patients and no intraoperative transfusion of FFP and
PC was required. Intraoperative transfusion of overall
blood products after CPB, transfusion within the first
24 hours on ICU and 24 hours drainage volumes were
all significantly (p<0.05 U-Test) lower in group B than
in group A (see table).

Conclusion

Our results indicate that the method developed to as-
sess efficacy of coagulation therapy leads to a highly
satisfactory intraoperative management of post CPB
bleeding. Furthermore, the specific administration of
fibrinogen concentrate (Haemocomplettan P) was as-
sociated with a substantial reduction in the necessary
transfusion of allogeneic blood products and  the 24
hours postoperative drain volume.

Perioperative evaluation and modification
of cardiac risk in patients with 
cardiovascular disease undergoing 
noncardiac surgery – 
Current practice in Bavaria
C. Siebel, M. Matin, G. Batz, M. Kirmse, 
M. Dinkel
Fachbereich Anästhesie, Herz- und Gefäß-Klinik
GmbH, Bad Neustadt/Saale, Germany

Background and objective

The incidence of perioperative cardiac complications
in patients with coronary artery disease undergoing
noncardiac surgery is high. There is a substantial in-
crease of perioperative morbidity up to 30% and of
mortality up to 20%. Identifying patients at risk and
preventing these complications are the most challeng-
ing purposes of the perioperative evaluation and risk
modification.
In the past decades several guidelines for risk stratifi-

cation have been published. However, the efficacy and
propagation of these  recommendations are unknown.
For that reason we evaluated the current practice of pe-
rioperative assessment and modification of cardiac
risk among Bavarian anaesthetists. The main questions
were:
1. Are guidelines for risk stratification and periopera-

tive management implemented in routine clinical
practice?

2. How often is cardiology consultation or additional
cardiac testing obtained and is the incidence of pe-
rioperative myocardial infarction systematically
evaluated?

3. Are essential facts of the perioperative management
of these patients commonly known among anaes-
thetists. 

 Group

RBC FFP PC

units 4.1 9.1 3.2

units

units 1 1 0.5

units

Intraoperative post-CPB and 24 hours ICU transfusion drainage volume 

24 hours ICU

A 1092
16.4

B 449
2.5
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Methods

In April 2007 all 118 Departments of Anaesthesiology
at Bavarian hospitals were invited by mail to hand out
a structured questionnaire to each of their anaes-
thetists. The survey was to be completed confidential-
ly. 
The questionnaire was structured to explore the preop-
erative management of high cardiac risk patients as
well as to track  the knowledge of relevant items con-
cerning perioperative care. In a third part various
physician characteristics (like the level of training, the
amount of experience with high risk patients etc.) were
surveyed. The collected data were evaluated using
Fisher´s exact test.

Results

By August 2007 421 anaesthesiologists (43% resi-
dents, 57% consultants) of 42 hospitals (48% hospitals
of primary health care, 52% hospitals of specialized or
maximum health care) returned questionnaires (36%
response rate). The most important results are summa-
rized in table 1.
Only 140 of 421 anaesthetists (33%) have standards or
guidelines for the preoperative evaluation of cardiac
risk patients. The vast majority (99%), however,
would continue an existing beta-blocker therapy. Res-
idents and hospitals of primary health care were more
likely to require additional cardiologic consultation
and testing (p<0,01). Perioperative screening for myo-
cardial ischaemia and infarction is systematically un-
dertaken by only 107 of 421 anaesthetists (25%). 32%
of the  respondents correctly knew the additional per-

cent increase of the risk for surgical bleeding with the
use of clopidogrel. There was no significant difference
in the knowledge of important facts between the level
of experience of anaesthetists or between hospitals for
primary or specialized health care.

Conclusions

Despite published guidelines there is substantial vari-
ability among anaesthetists and hospitals concerning
the management of high risk patients undergoing non-
cardiac surgery. Residents and hospitals for primary
health care more commonly requested cardiologic
consultation and cardiac testing which reflects in part
the absence of any clear-cut guidelines. Complications
like myocardial infarction and ischaemia are not sys-
tematically monitored; i.e. data on optimal cost-bene-
fit and benefit-risk strategies are not obtained. Overall
knowledge about perioperative care was generally
lower than expected. To institute a system of perform-
ing careful and efficient perioperative management on
patients at cardiac risk  we need further education for
clinicians and the implementation of standards which
are easy to handle and available at bedside. 
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Tab. 1: Main results of the survey corresponding to the total number of participating anaesthetists, to hospitals of
primary (PHC) or specilized and maximum care (SMC)  and to residents (RES) or consultants (CON).

Total (n=421) PHC/SMC RES/CON
Guideline for perioperative management implemented (n=140)  33% 30/34% 35/31%
Perioperative administration of beta-blockers (n=420)  99% 100/99% 99/100%
Preoperative cardiac testing (n=262)  62% 73/57%* 70/58%*
Systematic screening for perioperative myocardial infarc-
tion

(n=107)  25% 25/27% 31/22%

Correct knowledge of additional  risk of surgical bleeding
with continued clopidogrel medication

(n=136)  32% 37/31% 35/32%
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Intraoperative use of inhaled vasodilators
for weaning from cardiopulmonary 
bypass during implantation of a left 
ventricular assist device
M. Winterhalter1, C. Kühn2, 
N. Rahe-Meyer1, C. Gras1, A. Meyer2, 
M. Bund1, S. Piepenbrock1, M. Strüber2

Hannover Medical School, 1Dept. Of Anesthesiology,
2Division of Thoracic and Cardiovascular Surgery,
Hannover, Germany

Background

Right- heart (RV) failure after implantation of a left
ventricular assist device (LVAD) is associated with an
increase in morbidity and mortality. Following intra-
venous application of vasodilators, however, a de-
crease in pulmonary vascular resistance (PVR) is com-
monly associated with systemic vasodilation and de-
creases systemic vascular resistance (SVR), leading to
reduced myocardial perfusion. Thus, application of lo-
cally acting vasodilators (iNO and Iloprost) into the
bronchial system appears to be a promising approach
to reduce the right ventricular afterload without a sig-
nificant alteration in systemic blood pressure.

Method

14 patients who received intra-operative iloprost after
implantation of a LVAD were enrolled for a retrospec-
tive analysis. In this analysis the patients were split in-
to three groups: Group 1 (initial administration of
iNO); group 2 (initial administration of iloprost);
group 3 (initial administration of iNO in combination
with iloprost). Haemodynamic data were collected in-
tra-operatively and on arrival in intensive care unit

(ICU). Analysis of Variance (ANOVA) was applied for
statistical analysis.

Results

10 patients underwent surgery to implant a HeartMate
II, 4 patients received a HeartMate I. 
No significant side effects were attributed to either
iNO or iloprost. One patient from group 3 (n=4) re-
quired temporary mechanical right heart support. 6 pa-
tients of group 1 (n=6) with signs and symptoms of RV
failure (loss in contractility, increase of central venous
pressure) received additional iloprost, and one patient
from group 2 (n=4) was administered additional iNO.
All patients were submitted to pressure-controlled
ventilation with 100% oxygen during weaning from
cardiopulmonary bypass. Iloprost was administered by
using a specific ultrasonic nebulizer device (Multison-
ic, Schill GmbH, Probstzella,Germany). Upon arrival
in the ICU, the patients of group 2 had significantly
lower mean pulmonary artery pressure (mPAP) when
compared to the patients of the two other groups (1
and 3). 

Discussion and conclusions

Acute intraoperative RV failure following implanta-
tion of a LVAD represents an acute life-threatening sit-
uation. Selective pulmonary vasodilation (PSV) plays
an essential role in improving right ventricular func-
tion without an alteration in SVR. Inhaled iloprost and
iNO have the potential to prevent an acute RV failure
after implantation of a LVAD. Risk patients should be
treated with iNO in combination with iloprost. Further
investigations involving larger patient populations
need to be conducted.
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