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Abstract. The aim of the present study was to analyse
the effects of postoperative fluid volume on splanchnic
perfusion and myocardial oxygenation after cardiac sur-
gery. 20 patients were studied in two stratified by the me-
dian of the postoperative volume replacement groups. In
the low-volume group the stroke volume index and cardiac
index increased continuously throughout the study. In the
high-volume group an increase was only observed during
the first 5 hours and myocardial oxygenation was signifi-

cantly impaired and ventilation prolonged. This suggests
that fluid loading without a beneficial effect on hemody-
namic may not only be inetfective in improving splanchnic
perfusion but may have detrimental effects on myocardial
oxygenation and pulmonary function. Flvid therapy should
be titrated according to individual physiological responses.
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Introduction. Extracorporal circulation causes
serious disturbances in human hormonal, metabolic
and fluid homeostasis. Surgical procedures with car-
diopulmqpary bypass (CPB) lead to a form of circu-
latory, hypovolaemic shock which is followed by an-
giotensin II-induced splanchnic vasoconstriction [1].
Thus, during the initial postoperative period patients

after CPB may have in splanchnic hypoperfusioi. ¢
protect the essential organs such as the brain, heart
and kidneys [2]. It is known that severe and pro-
longed splanchnic hypoperfusion is associated with
higher morbidity, e.g. multiple organ failure or even
mortality [3, 4]. Recently it has been shown that pe-
rioperative plasma volume expansion reduces the
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the incidence of splanchnic hypoperfusion and im-
proves the outcome [5].

In 1996 the Third European Consensus Confer-
ence on tissue oxygenation pointed out the impor-
tance of volume replacement in hypovolaemic pa-
tients to improve their oxygen delivery [6]. In case of
persisting tissue oxygenation deficiency after ade-
quate volume replacement, inotropic agents should
be added [7]. But it is still under discussion how to
define adequacy of fluid replacement therapy. As
splanchnic perfusion is early reduced in hypovolae-
mia according to physiologic redistribution [8] it
would be worthwhile to monitor splanchnic oxy-
genation or perfusion. Gastric-mucosal tonometry is
the only clinically available method for an accurate
diagnosis of compromised splanchnic blood [9].

Since volume replacement therapy may also have
negative effects on the lungs or the myocardium, a re-
strictive volume therapy in cardiac surgery is widely
adopted [6]. This “traditional” approach has never been
evaluated thoroughly in terms of perfusion or oxygena-

Splanchnic perfusion can be assessed by means of gas-
tric tonometry [9]. During open heart surgery it is possi-
ble to insert microprobes directly into the myocardium
to measure tissue partial oxygen pressure. In this way
the effects of therapeutic strategies on different organ
systems on the regional level can be measured.

The object. Our object was to study retrospec-
tively the impact of volume replacement therapy on
splanchnic perfusion and myocardial oxygenation in
cardiac surgery patients.

Material and methods. Upon the approval by
the local ethics committee and a written informed
consent 20 patients, undergoing elective coronary
artery bypass surgery, were studied. The patients
were divided in two groups by the median (1850 ml)
of the total amount of volume replacement during the
first 10 hours after operation: the group of low vol-
ume (LV) and the group of high volume (HV). Pre-
medication, induction and maintenance of anaesthe-
sia were standardized in both groups. Mechanical
ventilation in a volume controlled mode was adapted
to achieve arterial normocapnia. All patients under-
went standard open heart surgery with non-pulsatile
CPB in moderate hypothermia. During CPB the
mean peripheral arterial pressure (MPAP) was main-
tained at 60-80 mmHg. Global hemodynamic pa-
rameters and regional oxygenation were taken at
intervals of 15 minutes (blood sampling every 30
minutes) intra- and postoperatively. The study ended
up 10 hours after the admittance to the intensive care
unit. All the patients were mechanically ventilated as
long as clinically appropriate and were sedated with
continuous infusion. Fluid management was adjusted
to achieve and maintain a central venous pressure
(CVP) between 8 to 12 mmHg. Volume replacement
was performed with Ringer’s solution and gelatine
polysuccinate, as appropriate.

Additionally to standard monitoring all patients
were equipped with a pulmonary artery catheter, a
nasogastric tonometry catheter and special polaro-
graphic microprobes for a myocardial partial oxygen
pressure examination. A pulmonary artery catheter
was used to determine mean pulmonary artery pres-
sures (MPAP), automated semicontinuous measure-
ment of cardiac output (CO) / cardiac index (CI), and
a continuous measurement of mixed venous oxygen
saturation (SvO,). Arterial blood samples were
drawn for the determination of pH, oxygen (pO,) and
carbon dioxide (pCO.) tension, base excess (BE), the
bicarbonate, haemoglobin and lactate concentration.
A nasogastric tonometry catheter was measured gas-
tric luminal pCO, (pgCO,) which is in equilibrium
with gastric mucosal pCO,by automatic gas cap-
nometry [10] and calculated the difference between
gastric and arterial pCO,, (CO,-gap), which has been
shown to reflect gastro-intestinal stagnant hypoxia
secondary to hypovolaemia [9, 11]. To rule out intra-
gastric CO, generation following the buffering of
acid with bicarbonate, patients received 300 mg of
ranitidine [12]. Using special polarographic micro-
probes (GMS Inc., Germany), myocardial partial
oxygen pressure (pO,myo) was determined. The
probe was placed in the ischemic left ventricular area
between a diagonal branch and the left anterior de-
scending artery.

In a statistical analysis Fischer’s probability test
and Wilcoxon’s signed rank test were used. Differ-
ences between groups were tested with the Mann-
Whitney U test. A p value less than 0,05 was re-
garded significant.

Results and discussion. All the patients had an
uneventful postoperative course without signs of
myocardial infarction as determined by an electro-
cardiogram and cardiac enzyme levels taken every 6
hours postoperatively. Demographic and periopera-
tive data are presented in Table 1.

The total urine output was 4153 + 1288 ml in
the LV group and 4472 + 1294 ml in the HV group
(p>0,05). Both groups received approximately two
third of the total amount of volume during the first
five hours after admittance to the ICU. There were
no differences of the CO,-gap between the groups at
any time point, nor any change over time. The
pO.myo steadily increased over the whole observa-
tion period in the LV group (p<0,001), but showed
no improvement in the HV group (p>0,05) (Fig.1).

Hemodynamic data are summarized in Table 2.
The LV group showed a reduction of MAP in the
second half of the observation period. CVP and
MPAP did not show differences between groups.
The Cl increased and SVR decreased in both groups
over time. SvO; in the LV group was higher, show-
ing significance at five and six hours after admit-
tance to the ICU. SVI increased in parallel to the Cl
(LV group, p <0,001, HV group, p<0,01).



Table 1
Demographic and perioperative patients’ data in volume replacement groups (mean % SD)

Patients data Group LV Group HV p
Age (years) 69,6+8,0 69,4+8,7 0,97
Gender (f/ m) 4/6 2/8 0,62
CPB time (minultcs) 947+ 15,7 89,0+ 183 0.49
X-clamp time (minutes) 474+ 17,1 45,0 + 26,1 0,54
Ventilation time (hours) 12,6 +3,5 16,0+ 1,7 0,02
Volume of fluid (m!) 1070 + 521 2865 + 567 0,001
Table 2
Analysis of volume replacement: Haemodynamics (mean + SD)
Data Group Time of infusion
01lh 02h 05h 07h 10h
LV 81,0£9,0 76,0:£7,0%° 75.0£12,0 71,0+4,0° 75,0£6,0°
MAP HV 79,0+£10,0 69,0+6,0 73,0+9,0 75,0+10,0 73,0+£14,0
LV 99,0+8,0 100,0+8,0 98,0+8,0 96,0£6,0 96,0£10,0
HR HV 96,0+9,0 98,0£13,0 96,0+18,0 93,0£14,0 93,0+12,0
LV 7.0£3.0 9,0:3,0 10,0£2.0 10,043,0 11,0£3.0
cvp Y 70530 5.053.0 10,0640 5.054.0 5.053.0
LV 17,0+4.,0 19,0+5,0 18,03,0 20,0£2,0 18,0£3,0
MPAP HV 16,0+4,0 17,0£4,0 21,0+4,0° 20,0+2,0° 18,0+4,0
] LV 1299+360 1079+364 942+306° 850169 861+233°
SVR HV 13424316 9944222° 996:+£256° 1101£261° 1046.£363°
. LV 2,6+0,6 3,0+1.0 3,040,6° 3.2+0,8 3,440,9
¢l Hv 2.3+0,4 2,7+0.6° 2,8+0,7° 2,7+0,5° 2,9+0,6°
LV 66.0+£7,0 64,0£7,0 71,0£9,0 * 70,0+8,0 69,0£11,0
V0 HV 63,0+6,0 65,0+5,0 61,0£6,0 64,0+8,0 64.0+8.0

MAP: Mean arterial pressure (mmHg); HR: Heart rate (bpm); CVP: Central venous pressure (mmHg); MPAP: Mean pulmo-
nary artery pressure (mmlbig); SVR: Systemic vascular resistance (dyn - sec * cm™®); CI: Cardiac index (1 * min™ - m™?); SvO»:
Mixed venous oxygen saturation (%). * p<0.05 between groups (Mann-Whitney-U-test); ® p<0.05 different to baseline data
(Wilcoxon test)
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Fig. 1. Myocardial partial oxygen tension (pO,myo). (Values are expressed as median + quartiles. Group LV = solid triangles
(A), group HV = solid circles (®). * significant differences p<0,05 from bascline data)



Looking independently at the first and second
half of the observation period the course of hemody-
namic and oxygenation values seem to be divided in
two different parts. SVI only increased from 01 h to
05 h, but remained stable in the HV group from 06 h
until 10 h (p=0,85), whereas tendency continued to
increase in the LV group (p=0,08). During the sec-
ond half of the observation period the CO,-gap de-
creased in the LV group (p<0,05) and remained sta-
ble in the HV group (p>0,05).

In this retrospective study we could show the
known positive effects of volume replacement ther-
apy on global hemodynamic in patients after cardiac
surgery. In both groups CI and SVI increased signifi-
cantly, but during the second half of the observation
period the HV group could not benefit as much as
the LV group, maybe because of a fluid overload. By
more improved global hemodynamic during the sec-
ond half of the observation period the LV group
could increase splanchnic perfusion, shown in de-
creasing CO,-gaps. Despite of receiving a higher
amount of fluids the HV group could not benefit.
Consistent with the idea of a fluid overload and a
slight congestive cardiac insufficiency, myocardial
oxygenation showed an impairment in the HV group.
It is important to note that the two groups did not
differ in conventional global parameters of volume
status as HR, CVP, or MPAP nor showed high filling
pressures as a sign of myocardial decompensation.

Volume and fluid deficits are extremely com-
mon in postoperative cardiac surgery patients. Preop-
erative depletion, intraoperative fluid losses and
bleeding can produce absolute, while vasodilatation
mediated by vasodilating substances may cause rela-
tive volume deficits. In addition hypovolaemia may
develop secondary to an impairment of the endothe-
lial barrier during inflammation after extracorporal
circulation, resulting in diffuse capillary leakage.
Untreated hypovolaemia causes prolonged splanch-
nic hypoperfusion and ischemia by increased levels
of angiotensin II and reduced levels of bradykinin [1,
13]. Later on, as a sign of persisting tissue ischemia,
elastase of polymorphnuclear granulocytes rises [14].
Finally, mucosal permeability increases and systemic
inflammation derives from endotoxinaemia [15]. A
deadly vicious circle could cause a mortality and
morbidity increase [4].

It has been shown, that a low stroke volume in
the initial postoperative period is a good marker for
predicting a postoperative complication [16] and
Mythen and Webb demonstrated that perioperative
plasma volume expansion reduces not only the inci-
dence of gut mucosal hypoperfusion, but also im-
proves the outcome [5]. Consistent with these results
we showed a positive effect of volume therapy on
global hemodynamics. In both groups SVI and CI
increased, but in the HV group only during the first
half of the observation period. Looking at splanchnic
perfusion, our patients developed only slightly
higher CO,-gap values compared to older studies.
Jakob and colleagues reported a maximum CO,-gap
of 14,5£7,1 mmHg within 12 hours afier cardiac
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surgery [17]. Our patients had maximum CO,-gaps
of 17,0+13,0 mmHg (03 h, LV group) and 16,0+5,0
mmHg (06 h, HV group). But patients in the HV
group showed no decrease in CO,-gaps at that mo-
ment, when no further increase in SVI could be
achieved by volume therapy, whereas patients in the
LV group could decrease their CO,-gaps by increas-
ing SVI.

Our data suggest that a fluid overload leads to a
deterioration or at least no improvement of myocar-
dial partial oxygen pressure. Five hours after admis-
sion to the ICU patients in the HV group were not
able to increase their SVI with fluid loading any-
more. Myocardial tissue pO, did not rise in this
group, in contrast, patients in the LV group showed a
steady increase. PO,myo in patients with high vol-
ume replacement remained low with values around
33 mmHg ten hours after admission to the ICU. The
LV group showed higher values than the “normal”
course of pO,myo after cardiac surgery. The mean
pO,myo in patients with uneventful recovery after
cardiac surgery has been reported to be around 36
mmHg twelve hours after CPB [18]. The mean value
of the LV group was 43,0+18,0 mmHg at that time
point, compared to 33,0£16,0 mmHg in the HV
group.

These changes occurred without significant
changes of CVP and only minor changes of MPAP
in the HV group. This supports the view that rou-
tinely measured standard cardiovascular variables
(CVP, PAP, Wedge-Pressure, MAP, and HR) are of
a limited value in assessing the actual volume status.
Flow-derived values may probably be more helpful
than measuring filling pressures [5]. However, the
results give more evidence to the fact, that too much
volume replacement at the wrong time could be det-
rimental or at least not supportive to the myocar-
dium. This supports the view that no monitoring
method should be looked separately, but into clinical
context with all other available information.

This study was neither designed nor powered
enough to serve as an outcome study, so the signifi-
cant difference in ventilation time between the two
groups should be interpreted very cautiously.

Conclusion

Volume therapy guided by conventional mark-
ers of volume status, i.e. CVP, MAP, HR, may lead
to a fluid overload and different effects on regional
perfusion in different organs, i.e. the splanchnic re-
gion and the myocardium. Flow derived markers of
volume status, e.g. SVI may work better. If regional
parameters, e.g. the CO,-gap, more sensitively re-
flect the adequacy of intravascular volume status,
they should be studied in further prospective investi-
gations.
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BILIMB OB’€MY NICJAOMNEPALIAHOL IH®Y3IMHOI TEPAIIT HA YEPEBHUIA KPOBOTIK
TA OKCUI'EHAUIIO MIOKAPJA B KAPAIOXIPYPITYHUX XBOPUX

I.T'aiinye, M.l'epinenaxe, E.-I'.Kpay, M. Micipeavo, I1.LlImykep, T. Yaiz, K.-®.Knouy, I0.Heuumaiiio

Pestome. Mcroto poboty 6yito rpoasanidyBaTi BILIUB 00’ €My PiHHM, IO yBOAMIM KapaioXipypriuHuM XBOpHM y
nicagonepaiiHOMy 11€pioai, Ha YEPEBHHH KPOBOTIK Ta OKCHIeHallio Miokapaa. O6crexeHo 20 XBOpHX, PO3NONIIEHUX Ha
ABi rpynH 3a Meianoo o6 emy nicasonepauifitiol 3amicnol ingysit. ¥ rpyni 3 Mermmmm 06’ emomM piaumi yaapuit 06’em
CepLEBOro BUKH/Y Ta CCPIICBUI IHACKC MOCTIHIHO 3pOCTANH BIPOIOBXK CIocTepexeHHs. Y rpyni 3 GinpiumM 06’ cMoM pinu-
HU TaKe MEABHLLICHHS CIOCTEPIran Tilbky B nepwi 5 ros, y ToM e yac oxcureHauis Miokapaa cyTTeBO HOpY Ly BaJlach, 4
Ty4Ha BEHTHIALIA Oyna Ginblr TpuBanoio. MoxHa BBOXATH. 10 HAITHHIKOBES HARAHTAXKEHHS PiIMHOIO € HECTIPUATIHBHM
15l DEMOARHAMIKM, HCCPCKTUBHIM Y NOKPAWAHH] YEPEBHOIO KPOBOTOKY | TaKOX MA€ LKA IMBHH BILIMB HA OKCUI€HAUIIO
uiokapaa 1a aereHery dyHkTiio, 3aMicRa Tepanis pinMHOK NORUKHA NOTYRATHCS RIAMORIIHO 10 iHAMRINYATRHWX (iziomo-
FiYHUX peaxitii.

KnrouoBi ¢10Ba: rinoBoseMis, 3aMicHa Tepanis, YepeBHMI KPOBOTIK, OKCHPEHALlis MiOKapAa, [ITYHKOBA TOHOMETPIs.

BJIMSIHUE OB LEMA MOCJIEOITEPALIMOHHON HHOY3HOHHOM TEPAIIMY HA BPIOIIHOMK
KPOBOTOK 1 OKCHT'EHALIMIO MHOKAP/IA Y KAPAROXUPYPTHUECKHX BOJIBHBIX
I.I'aiinye, M.I'epunznaxe, E.-I . Kpay, M. Mucgenvo, I1.1LImyxep, T. Yauz, K.-®.Knoy, 10.Heuumaiino

Pestome. Llennio paGorsl Guio npoaHanusnposars BIWSHAC 00bEMa KHAKOCTH, BEOAUMOrO KapAHOXHPYPIHUECKUM
GOLHBIM B MOCICONEPAIMOHHOM HEPUOAE, HA OPIOILHOM KPOBOTOK M OKCHIreHauHio Muokapaa. Obcneiorano 20 GoabHbIX,
pacnpejelieHHbIX Ha jIBE IPYInbl 00 Meauade ofbeMa nocneonepauoHHoi 3amecrurensHoi nudysuu. B rpymne ¢ mexb-
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WM 00bEMOM JKHAKOCTH YAPHBIH cepAcUHbiil 00bEM M CEPACHbIA HHICKC HOCTOAIHO BO3PACTAIM B TeHCHUE Haboa¢-
Hus. B rpynne ¢ GoapmuM 06BeMOM KHIKOCTH TAKOM POCT OTMEYANCs TOJBKO B TeUeHHE TIEPBBIX 5 YacoB, B TO e BpeMs
OKCHI€HALtM MHOKapaa Obina CYWECTBEHHO HAPyUieHa, a UCKYCCTBEHHAs BEHTHAsuMs Obuia Oonee aanteinioi. MoxHo
N0;1araTh, YT0 U30OHITOYHAS HATPY3Ka XKHIKOCTBIO ARISETCS HE TONHKO HEONAroNpHATHON AN reMOIMHAMHKN U GpIOwHOro
KPOBOTOKZ, HO W MMEET OTPUIATEILHOC BIMSIHVME Ha OKCHTCHAIMIO MHOKapia M JIErouHylo (QyHKuMIO. 3aMecTHTerbHas
TepanmuA KHUIKOCTHIO A0/DKHA A03UPOBATHCH B COOTBETCTBHU ¢ HHAMBUAYANBHBIMH HU3NOJOTHUECKUMH PCAKLMAMM.

Kaouesrie cioBa: UIOBOJIEMUA, 3aMECTUTEIILHAA Tepalius, GpK)].LlHOﬁ KPOBOTOK, OKCHUI'CHAIIMS MHOKapAa, KEILY A0~
YHAs TOHOMETPHSI.
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