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Abstract Objective: To compare in-
trathoracic blood volume (ITBV)
guided fluid management and central
venous pressure (CVP) guided thera-
py in ameliorating the progression of
early systemic inflammatory response
in patients undergoing major surgery.
Design: Prospective, randomized
clinical trial. Patients: Forty patients
undergoing major abdominal surgery
were randomized into CVP and ITBV
groups. Interventions: In the CVP
group the target CVP was 8—

12 mmHg while in the ITBV group
the goal was to keep the ITBV be-
tween 850 and 950 ml/m? during the
operation. Measurements and results:
Hemodynamic parameters were de-
termined by single arterial thermodi-
lution. Measurements were repeated
every 30 min intraoperatively. Serum
procalcitonin (PCT) and C-reactive
protein (CRP) was monitored preop-
eratively, on ICU admission, and then
daily for 3 days. Serum TNF-a levels
were measured intraoperatively
hourly and then daily for 3 days.

There was no significant difference
between the two groups regarding
hemodynamic parameters at any as-
sessment point. In the overall popu-
lation changes in the stroke volume
index showed a significant correla-
tion with changes in CVP and ITBV.
TNF-o levels remained in the normal
range intraoperatively and during the
three postoperative days in both
groups. Preoperatively normal PCT
and CRP levels increased signifi-
cantly postoperatively, without sig-
nificant differences between the
groups. Conclusions: ITBV guided
fluid therapy did not alter the mag-
nitude of inflammatory response as
monitored by serum PCT, CRP, and
TNF-o in the early postoperative pe-
riod.

Keywords Systemic inflammatory
response - Intrathoracic blood volume
index - Central venous pressure -
Procalcitonin - Tumor necrosis
factor o - C-reactive protein

Introduction

Despite the advances in anesthesia and intensive care in-
traoperative hypovolemia may be one of the leading
causes of postoperative morbidity following elective ma-
jor abdominal surgery [1]. Inadequate intravascular vol-
ume status during surgery may lead to increased inflam-
matory response and further organ dysfunction due to
gastrointestinal hypoperfusion [2, 3]. Several studies pro-
vide evidence that perioperative fluid optimization is

beneficial for the patient [4, 5]. In addition to improving
hemodynamics optimizing the patient’s intravascular fluid
status may influence the immune response [6]. Therefore
maintaining adequate cardiac filling throughout surgery
seems an important task. However, controversy still exists
concerning the best method regarding preload monitoring
[7, 8, 9]. It has been shown that single transpulmonary
thermodilution using the PiCCO method, which is less
invasive than the pulmonary artery catheter, may provide
adequate information about the patients’ volume status
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Fig. 1 Flowchart of the study

[10]. Della Rocca and coworkers [11, 12] suggest that the
intrathoracic blood volume (ITBV) index (ITBVI) is su-
perior to pulmonary artery occlusion pressure for indi-
cating preload status during major thoracic and abdominal
surgery. On the other hand, Rivers at el. [13] reduced
mortality among septic patients with goal-directed therapy
in which central venous pressure of 8—12 cmH,O was set
as a hemodynamic goal to achieve SvO, greater than 70%.

No clinical trial has yet investigated the effects of
single transpulmonary thermodilution —measurement
guided fluid therapy on the intra- and postoperative in-
flammatory response and organ dysfunction. Therefore
we conducted a clinical trial comparing standard central
venous pressure (CVP) guided therapy to ITBV guided
fluid management in patients undergoing elective major
abdominal surgery.

Materials and methods
Clinical protocol

Following Regional Ethics Committee approval and obtaining
written informed consent, all patients undergoing elective esopha-
gectomy, total gastrectomy, pancreatectomy (Whipple operation),
or liver resection due to tumor removal were entered the study and
later admitted to our 20-bed teaching hospital high-dependency/
intensive care unit between October 2002 and October 2003. Ex-
cluded were patients with chronic cardiovascular system failure
(New York Heart Association class IV), ejection fraction less than
50% on resting transthoracic echocardiography, chronic respiratory

Allocated to
ITBV (n=22)
Analyzed (n=20)

Assessed for
eligibility (n=45)

Eligible (n=45)

. Excluded (n=5):
Randomized

Inoperable tumor (n=5
(n=45) P @=3)

Allocated to
CVP (n=23)
Analyzed (n=20)

Table 1 Demographic data of patients

CVP group ITBV group
(n=20) (n=20)
Age (years) 59+9 61£11
Sex: M/F 10/10 8/12
Length of operation (min) 220+89 230+94
Simplified Acute Physiology 16+5 14+5
Score 1II
Type of surgery
Esophagectomy 10 9
Total gastrectomy 5 8
Pancreas resection 5 3

failure (chronic hypoxia, hypercapnia), chronic renal failure re-
quiring renal replacement therapy, chronic liver failure (biopsy-
confirmed cirrhosis or portal hypertension), diabetes mellitus, or
with known aortic aneurysm. Also withdrawn from the trial were
patients whose tumor proved to be inoperable, who needed unex-
pected massive transfusion intraoperatively (>10 U blood) or re-
quired acute reoperation (within 24 h).

Forty-five patients were recruited during the study period and
were randomly allocated by envelope randomization in a block-of-
four fashion to CVP or ITBV. Due to our exclusion criteria five
patients were withdrawn from the final analysis (three patients from
the CVP group and two from the ITBV group, all due to tumor
inoperability. Out of the remaining 40 patients there were 20 in
each group (Fig. 1). The two groups were well matched for de-
mographic and clinical characteristics on trial entry, and they did
not differ significantly in terms of surgical procedures (Table 1).

In the CVP group the target CVP pressure was 812 mmHg
during surgery [13]. In the ITBV group the desired end-point was to
keep the ITBVI between 850 and 950 ml/m? during the operation.
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In all patients lactated Ringer’s solution (10 ml/kg per hour) was
infused as baseline volume replacement. Hydroxyethyl starch so-
lution 6% (average molecular mass, 200 kDa; average molecular
mass, 60,000; substitution ratio, 0.6; half-life, 24-h; Haes-Steril 6%,
Fresenius-Kabi, Budapest, Hungary) or succinylated gelatin 4%
(average molecular mass, 35 kDa; average molecular mass, 21,700;
half-life, 4-h; Gelofusin, B.Braun Medical, Budapest, Hungary)
was infused until the hemodynamic goals were achieved in both
groups. In the CVP group the anesthetist responsible for the patient
was unaware of the ITBV and the other hemodynamic parameters.
In the ITBV group the anesthetist was aware of the ITBVI values,
but blinded for CVP and the other hemodynamic variables. Patients
were blinded for the result of randomization, as were the medical
and nursing staff on the ICU.

All patients received routine anesthetic management and moni-
toring including: premedication with benzodiazepine, induction with
propofol (1-2 mg/kg), muscle relaxation with atracurium besylate
(0.4-0.6 mg/kg) analgesia with fentanyl (0.7-1 ug/kg). After in-
duction of anesthesia an appropriately sized endotracheal tube was
placed. Intermittent positive pressure ventilation was performed with
a volumetric ventilator (ABT-4100, Kontron Instruments, Watford,
UK). End-tidal CO, and expiratory gases were monitored. Ventila-
tion was adjusted to avoid gas trapping and dynamic hyperinflation
with a tidal volume of 810 ml/kg and a respiratory rate of 10-12
breaths/min with a short inspiratory time and maximal expiratory
time maintaining peak inflation pressures less than 40-45 cmH,O,
with a fraction of inspired oxygen of 0.5. Positive end-expiratory
pressure (PEEP) of 5 cmH,0 was applied throughout. Anesthesia
was maintained with isoflurane (0.7-1.5%), and continuous epidural
analgesia (ropivacaine 2% combined with fentanyl) was used during
surgery. Body temperature was controlled to avoid hypothermia with
a warming blanket and warmed intravenous fluids.

Hemodynamic parameters were determined by single arterial
thermodilution, for which a flexible catheter with an integrated
thermistor (PiCCO, Pulsiocath 4F, PV 2024L, Pulsion Medical
Systems, Munich, Germany) was introduced via the femoral artery
after anesthesia was commenced. ITBV and extravascular lung
water (EVLW) measurements were obtained by injecting a 20-ml
bolus of 0.9% saline below 10°C via a central venous catheter. The
mean value of three consecutive measurements was used for
analysis. For interindividual comparison absolute values on ITBV
and EVLW were normalized as indexed by body surface area
(ITBVI, normal range 850-1000 ml/m?) and body weight (EVLW
index, EVLWI, normal range 5-7 ml/kg). All injections were made
manually and were not synchronized with the respiratory cycle.
Cardiac index, stroke volume index (SVI), dP/dt,,.x, and systemic
vascular resistance index (SVRI) were also recorded. Hemody-
namic measurements were repeated in every 30 min. ACVP and
AITBV values were calculated by subtracting the first from the
second measurement, the second from the third and so on. Together
with each hemodynamic measurement arterial blood samples were
taken for blood gas analysis (ABL 700, Radiometer, Copenhagen,
Denmark). Full blood count and blood loss were checked and
recorded hourly during surgery.

Blood samples (approx. 5 ml) were taken from an indwelling
arterial cannula into serum separator tubes before anesthesia was
commenced (#,), hourly during surgery then on admission to ICU
(ticu), and subsequently 24, 48, and 72h after admission (fp4, t45,
t72). Samples for measuring serum C-reactive protein (CRP), pro-
calcitonin (PCT), and tumor necrosis factor (TNF) a levels were
immediately spun after clot formation, and the serum separated and
stored at —=70°C. CRP levels were determined by nephelometric
assay (Immage, Beckman, USA: reference range 0—10 mg/l). Se-
rum PCT and TNF-a levels were measured by immunolumino-
metric assays (LUMItest, Brahms Diagnostica, Berlin, Germany,
reference range 0—<0.5 ng/ml; or Immulite, DPC, USA, reference
range 0—<10 pg/ml). The interassay coefficient of variation (CV)
for both TNF-a and PCT determinations was less than 10%.
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Fig. 2 Correlation of ASVI to ACVP and AITBVI in the overall
study population. See text for explanation

All patients had been observed after surgery for at least 2 days
in the intensive care unit. Routine clinical and biochemical inves-
tigations were carried out. Patients were discharged from ICU if:
Sa0, was 95% or higher on 35% O, given via Venturi mask and
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Table 2 Perioperative data of patients

Table 3 Intraoperative hemodynamic changes

CVP group ITBV group CVP group ITBV group
(n=20) (n=20) (n=20) (n=20)
Fluid management CVP (mmHg)
Crystalloid (ml) 4043+1191 4047+1841 to 10+4 12+4
Colloid (ml) 12554971 14111040 130 13+4 15+4
Packed red blood cells (U) 2.0+1.5 2.5+1.0 teo 12+3 14+4
Fresh frozen plasma (U) 2.5+1.0 2.8+1.5 120 11+£3 14+5
Intraoperative urine output (ml)  755+528 757+533 tr40 12+4 166
Changes in hemoglobin (g/l) ITBVI (ml/m)
to 108+13 107+13 to 875204 969+308
130 102+11 10615 130 942+210 997+210
t60 103£16 100£22 t60 912+136 1009+289
1120 99+17 93+14 1120 921161 1038+346
140 105+9 103+12 140 997270 919+193
Multiple organ dysfunction score Cardiac index (1/m)
Tpost 2+1 2+2 to 2.57+0.60 2.96+0.64
tday 1 2+2 2+1 130 3.64+0.87 3.67+£0.93
tday 2 242 242 160 3.39+0.58 3.51+0.91
Tday 3 2+1 2+2 1120 3.50+0.65 3.43+0.84
Length of ICU stay (days) 7+5 7+5 tr40 3.78+1.13 4.01+0.99
Ventilation (days) 31 3+l Stroke volume index (ml/m)
Survival: survivors/nonsurvivors 19/1 18/2 to 3611 44x12
130 45+10 49+12
t60 42+9 49+12
+ +
good ability of cleaning bronchial secretions; multiple organ dys- ;120 23154 451(2):%3
function score (MODS) was2 points or less; established enteral sz/‘(‘itz (mmHg/s) - -
feeding via jejunostomy tube; and adequate analgesia. Each crite- P max 688+227 769+261
rion had to be fulfilled for 12-24 h. To assess the treatment effect to 788+294 793+362
on organ function organ dysfunction scores were recorded on ad- [30 7394176 850+413
mission and then daily during the first 3 postoperative days (fo—3) teo 775223 887+258
as described by Marshall et al. [14]. We designed our trial to assess tl20 7724336 7474043
effects of single transpulmonary thermodilution measurements Exzt‘;(a)wascular lung water - -
guided fluid therapy on (a) the intra- and postoperative inflam- ;4. (ml/kg)
matory response and (b) organ dysfunction. P 8+3 9+4
Prior to the study the number of patients required in each group to 8:3 9:3
was calculated by power analysis according to data obtained from t30 8+3 0+4
previous studies on the release of PCT in a similar population, in teo 8+3 0+4
which the mean PCT was found to be 4.6+4.3 ng/ml 24 h post- t120 10+4 0+4
operatively [2]. A previous descriptive study found that PCT values Hezgft rate (beats/min) B B
greater than 2.8 ng/ml showed an 84% sensitivity of predicting P 73+17 70+15
mortality [2]. Therefore the smallest difference between the means to 80:1 1 71:] 5
that we regarded as clinically acceptable not to be overlooked was t30 Q1414 75416
3.5 ng/ml (i.e., 4.6 for CVP and 1.1 ng/ml for ITBV). With type I ;% 7613 73216
a=5% and type II (power) of 80% we calculated we would need t120 76+14 90425
about 20 patients per group. All data are presented as mean +SD or Mé;% arterial pressure - -
mean +SEM. We used the Kolgomorov-Smirnov test with Lil- (mmHg)
liefor’s modification to test normal distribution. Analysis of vari- P 87426 87421
ance was used for testing the significance levels between the dif- to 26+16 83420
ferent groups and analysis of variance for repeated measures was t30 87412 83+15
used for testing significance levels between the measurement [60 78+13 76413
stages. To investigate the relationship between the observed vari- t;ig 7148 74412

ables Spearman’s p was calculated. Data were analyzed comparing
patients in the ITBV group with those in the CVP group on an
intention-to-treat basis. For statistical analysis the Statistical
Package for Social Sciences (SPSS version 10.0) software for
Windows was used. Statistical significance was considered at
p<0.05.

Results

The desired hemodynamic goals were reached in both
groups. There was no significant difference between the
CVP and ITBV groups regarding CVP, ITBVI, cardiac

index, SVI, dP/dt,,., heart rate, or mean arterial pressure
at any measurement point (Table 3). In the overall study
population changes in the SVI showed a significant cor-
relation with changes in CVP and ITBVI (=0.288
p<0.001 and r=0.508 p<0.001, respectively (Fig. 2).
There was no clinical evidence of fluid overload. EVLW
was normal, and urine output was similar during the study
period in both groups (Tables 2, 3). Patients in the two
group received the same amount of crystalloid, colloid,
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Fig. 3 The progress of TNF-o 30
intraoperatively and during the
first three postoperative days in
CVP and ITBV groups. Values
are given as mean +SEM. Dif-
ferences between the two
groups and assessment points
were tested with two-way anal-
ysis of variance
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and packed red blood cells (Table 2). Hemoglobin levels
in neither group changed significantly during the study
(Table 2). TNF-o levels remained in the normal range
intraoperatively and increased slightly but not signifi-
cantly during the three postoperative days in both groups
(Fig. 3). Serum PCT levels were normal in both groups
preoperatively and on arrival in the ICU (#,), but within
24 h levels increased significantly. Levels remained in the
pathological range for the rest of the study with the
maximum response observed at t,4. There was no sig-
nificant difference between the two groups (Fig. 4). Se-
rum CRP levels were within the normal range preopera-
tively and on arrival on ICU in both groups but increased
significantly in 24 h, with the maximum response ob-
served at t,g, without significant intergroup difference
(Fig. 4). Regarding organ dysfunction the daily MODS
did not differ significantly between the two groups
throughout the study (Table 2). Median length of ICU
stay, length of mechanical ventilation during the overall
ICU stay, and survival were nearly identical in the two
groups (Table 2).

Discussion

Intraoperative hypovolemia is common and may be a
cause of organ dysfunction, increased postoperative
morbidity and mortality [3, 15, 16, 17]. Goal-directed
perioperative fluid management with the esophageal
Doppler monitor (EDM) has been shown to reduce mor-
bidity and length of hospital stay in patients undergoing
open reduction of femur fracture and moderate-risk major
surgery [4, 18, 19]. Moreover, EDM-guided fluid therapy
augments gastric mucosal hypoperfusion, hence inflam-

t day1 tday2 tday3

matory response and complication rate following cardiac
surgery [20]. Invasive hemodynamic monitoring with the
PiCCO seems a reliable tool in assessing preload and is
widely used in general intensive care [21]. However, no
clinical trial has yet compared the effect of ITBV- vs.
CVP-guided fluid management on postoperative inflam-
matory response in high-risk surgical patients. In our
prospective randomized clinical trial we found no sig-
nificant difference between the two groups regarding in-
tra- or early postoperative inflammatory response and
organ dysfunction. There are several factors that may
influence our results.

Hemodynamics

It has been shown that early goal-directed therapy in
which patients are volume-resuscitated to achieve CVP of
8-12 ¢cmH,O0 significantly reduces mortality in patients at
high risk for sepsis [13]. Therefore we chose to keep the
CVP in this range in the control group while the manu-
facturer’s reference range was aimed at in the ITBV
group. Preset hemodynamic goals were achieved in both
groups. Interestingly, regarding the overall study popu-
lation both ACVP and AITBVI showed significant cor-
relation with ASVI. Several studies have compared CVP,
ITBV, and pulmonary arterial occlusion pressure as in-
dicators of preload [11, 12, 21, 22, 23]. Studies in favor of
volumetric measurement of the cardiac filling have been
performed mainly in septic, mechanically ventilated pa-
tients [21, 22]. In the current study CVP was almost
identical to ITBV, which may be due to the different
patient population. However, our data also challenge the
very recent observation of Kumar and coworkers [23] in
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Fig. 4 Changes in serum PCT

Changes in CRP

and CRP levels from preopera-
tively to the third postoperative 3001
day in CVP and ITBV groups.
Values are given as mean
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which CVP did not reflect cardiac filling and changes in
SVI due to saline loading in healthy volunteers. Despite
these differences between the current and previous in-
vestigations no firm conclusion can be made as this study
was neither aimed nor designed and powered to answer
the question whether ITBV or CVP is the better moni-
toring tool of cardiac filling during major abdominal
surgery.

Inflammatory response

Previous investigations, including our own, have shown
that major abdominal surgery which carries a consider-
able risk of morbidity and mortality initiates an inflam-
matory response as detected by increased level of various
acute-phase proteins [2, 24, 25, 26]. PCT an infection-
induced protein has been shown to be one of the most

t postop tday1 tday2 tday3

sensitive and specific early markers of sepsis [27]. Sev-
eral authors have shown that the main stimulus of PCT
production is the presence of bacterial endotoxin [27, 28].
All of our patients received prophylactic antibiotic treat-
ment, and none showed clinical signs of infection over the
study period. However, there is strong evidence that
raised PCT levels can also be found after trauma, various
type of surgery, and even cardiac arrest in the absence of
microbiologically confirmed bacterial infection [2, 29, 30,
31]. It has been speculated that rise in PCT production can
be induced if tissue hypoperfusion is present [29, 30, 31].
Furthermore, Meisner and coworkers [29] reported that
the degree of hypovolemia during major surgery is cor-
related with elevated PCT levels in the postoperative
period. Although there was no significant difference be-
tween the two groups, the postoperative PCT levels were
lower in this study than in our recently published ran-
domized controlled trial in a similar patient population
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and in published reference ranges [24, 26]. One of the
possible explanations is that patients in the current study
were volume resuscitated by target values, reducing the
risk of hypoxic tissue damage, while this was not the task
in the previous trials, and this itself attenuated the in-
flammatory response. In our previous investigation where
N-acetylcysteine failed to attenuate the postoperative in-
flammatory response following major abdominal surgery,
the CVP in the overall patient population on ICU ad-
mission was 8+4 mmHg vs. 13+5 mmHg in the current
study (p=0.002). MAP and heart rate values which were
also recorded did not differ significantly [24]. Interest-
ingly, the total fluid volume administered (including
blood products) in the previous trial was 4230+1270 ml
vs. 5610£2954 ml in this study (p=0.043). Therefore it is
likely that meticulous fluid replacement itself was re-
sponsible for the observed lower PCT levels.

This hypothesis is further supported by the findings
that TNF-a levels were not elevated during surgery, and
we observed only a minor and nonsignificant rise post-
operatively in both groups. The main stimulus of TNF-o
production is the presence of bacterial endotoxin [32]. In
previous investigations TNF-a production was signifi-
cantly lower in endotoxin-tolerant animals subjected to
hemorrhagic shock than in normal subjects, suggesting
little TNF-¢ activation in hypovolemia [33]. Furthermore,
in a recent clinical trial normal levels were measured
during elective abdominal surgery whereas a significant
rise in TNF-a levels has been detected in patients with
infection undergoing major surgery [34]. On the other
hand, Buttenschoen et al. [25] reported transient endo-
toxemia and a transient reduced endotoxin inactivation
capacity of the plasma associated with major abdominal
surgery. It is possible that adequate fluid resuscitation
achieved in both groups of our patients reduced the in-
cidence of tissue, especially gut hypoperfusion, and hence
inhibited the significant bacterial translocation and en-
dotoxin challenge during the operation, as TNF-a pro-
duction was not induced significantly during and after
uncomplicated abdominal surgery.

CRP is a rapidly reacting (approx. 24 h) acute-phase
protein synthesized by hepatocytes under the effect of
bacterial infection, shock, and tissue damage [35, 36]. The
predictive value of this inflammatory marker in critically
ill patients is controversial [35, 37]. The extent of acute-
phase response and CRP production is in proportion to the
tissue damage during surgery [30, 38]. It has been shown
that CRP levels are significantly lower in patients un-
dergoing endovascular aortic aneurysm repair than in
those undergoing the conventional, open procedure in
which patients require significantly a greater amount of
blood transfusion, indicating intraoperative hypovolemia
[38]. In the present trial CRP levels increased signifi-
cantly after surgery, and levels peaked on the second
postoperative day without significant difference between
the groups. This kinetic has been reported in several trials
including our own [24, 26, 29]. However, the CRP levels
measured in both our groups were lower than the previ-
ously published reference range and also compared to our
recent study on the same patient population [24, 26].
Again, as the only difference between these trials was the
vigorous attempt to avoid hypovolemia in the present
study, we assume that the maintenance of adequate in-
travascular volume itself attenuated the inflammatory
response in both groups.

Regarding outcome, the study population was too
small to make any comments on length of stay, days of
intermittent positive pressure ventilation, and mortality,
and it was also not our aim to do so.

In conclusion, our results show that in patients at high
risk of developing postoperative organ dysfunction fol-
lowing major abdominal surgery PiCCO-guided intraop-
erative fluid resuscitation compared to CVP-guided
therapy fails to attenuate inflammatory response as
monitored by serum PCT, CRP, and TNF-¢ in the early
postoperative period.
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