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Abstract

A case of young male, with negative history for heart disease, who was scheduled for abdominal surgery due
to an adrenal tumor, is presented. During the surgery, the patient unexpectedly developed bi-ventricular dysfunc-
tion. Causes of cardiac dysfunctions as well as the utility of MostCare®, an uncalibrated blood pressure wave-based
(pulse wave analysis) hemodynamic monitoring system powered by the Pressure Recording Analytical Method

(PRAM), are discussed.

Introduction

Hemodynamic monitoring, by means of a pulmonaryartery catheter
(PAC), transesophageal echocardiography (TEE), Doppler techniques
or pulse contour methods (PCMs) is usually employed in selected high
risk patients, who are at risk of developing hemodynamic instability and
are undergoing major surgery [1]. These patients may benefit from the
monitoring of cardiac output (CO) and other hemodynamic variables,
such as stroke volume or pulse pressure variations (SVV, PPV), since an
early goal-directed therapy may improve outcome [2]. Patients without
co-morbidities or in advanced age are usually excluded from this kind
of monitoring due to the invasiveness of some of these techniques. A
healthy young man undergoing general abdominal surgery is usually
not considered to be high-risk. However even the type of surgery
should be taken into account. In the present case report we suggest the
importance of using MostCare® hemodynamic monitoring to detect
severe intraoperative hemodynamic impairment.

Case Report

A 17-year-old patient was scheduled for abdominal surgery because
of an adrenal mass. A preoperative cortisol test showed a level of 470
mM in a 24-hour urine sample; the value of dehydropiandrosterone-
sulfate (DHEA-S) was 27.1 mcrM/L. The medical history and
preoperative cardio-respiratory exams were normal and the patient was
a professional soccer player. The day before the surgery, an angiographic
embolization of the tumor was performed with the aim of reducing
intraoperative bleeding. During the intervention, the following
parameters were monitored: arterial blood pressure (ABP, radial artery
catheter), heart rate (HR), arterial oxygen saturation and central venous
pressure (CVP). In addition, before induction of anesthesia a radial
artery catheter was introduced and then it was connected to MostCare®
by means of a pressure transducer to monitor the uncalibrated blood
pressure wave-based hemodynamic [3,4]. MostCare®, a monitoring
system powered by the Pressure Recording Analytical Method (PRAM),
measures and estimates beat-to-beat systolic, diastolic, mean and
dicrotic blood pressure (SBP, DBP, MBP, DicBP), cardiac output/index
(CO/CI), systemic vascular resistances (SVR/SVRI), stroke volume
variation (SVV), pulse pressure variation (PPV), peripheral maximal
pressure to time ratio (dP/dt,, ) and Cardiac Cycle Efficiency (CCE;
values -1 to +1), a parameter that expresses the energy expenditure of
the heart-circulatory system coupling [5].

The operation was carried out through a bilateral sub costal incision

with xifoid expansion. A huge (20x30 cm) retroperitoneal tumoral
mass, dislocating the liver, duodenum, pancreas, and the right kidney
was present. The tumor seemed to be adherent, but not infiltrating
diaphragmatic retrohepatic vena cava and right renal vein.

During the first twenty minutes of the operation, while surgeons
after mobilization of the liver started the isolation of tumoral mass
from the main intrabdominal vessels, the mean arterial pressure was
normal [6] (SBP: mean 104 standard deviation (SD) 12; DBP mean 70
SD 9 mmHg). The mean of HR was 91 (SD 5) beats/min (Figure 1).
At the same time (T1), MostCare® showed an unexpected condition of
low CI associated with increased SVR: CI 1.5-1.8 I/min/m? SVR 2000
dynesxsec/cm® (Figure 2). Lactate levels showed an increase compared
to baseline values obtained by an arterial blood sample before induction
of anesthesia (3.5 vs.1.2 mEq/l) suggesting a surprising imbalance of
oxygen delivery to tissue oxygen needs [7]. In addition, peripheral
dP/ dtM o @ Measure of the maximal rate of pressure change over time
between two consecutive points along the systolic upstroke (sample rate
waveform 1000 Hz), showed very low values even though there was an
increased arterial tone (Figure 3). CCE was abnormally low showing a
value of -0.8 to -0.9 units, thus indicating very high energy expenditure
for the maintenance of the current hemodynamic state (Figure 4).

On the basis of the data displayed by MostCare®, and after a
careful exclusion of the artifacts affecting the blood pressure signal,
our objective was to assure an adequate ventricle preload in spite of a
PPV value of 13%, a SVV value of 14% and a CVP of 14 mmHg. After
excluding a surgical cause of impaired venous return (i.e. mechanical
obstruction of liver venous drainage), a fluid overloading with 250
ml of lactate’s ringer solution (3.3 ml/Kg) was attempted. After the
volume loading, the CVP quickly increased to 20 mmHg without any
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Figure 1: Standard monitoring. SBP, systolic blood pressure; DicrBP, dicrotic
blood pressure; DBP, diastolic blood pressure; HR, heart rate; T1, time of
hemodynamic impairment; T2, time of tumor extraction.
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Figure 2: MostCare®. CCE, Cardiac cycle efficiency.
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Figure 3: MostCare®. Cl, cardiac index; SVR, systemic vascular resistances.

improvement in CI, SVR or HR (Figure 1 and Figure 2). Therefore we
decided to perform a transesophageal echocardiogram (TEE), in order
to exclude other causes of hemodynamic impairment (i.e. cardiac
tamponade).

The examination showed systolic dysfunction of both ventricles:
left ventricular ejection fraction was 35%; right ventricular fractional
area change was an estimated 18% and tricuspid annular plane systolic
excursion was at 10 mm. Color-Doppler analyses did not show any
valvular regurgitation. The trans-mitral pulsed-wave Doppler pattern
was compatible with a left ventricle impaired relaxation (E-wave/A-
wave 0.7; deceleration time 250 msec).

No further hemodynamic adjustments were made other than
avoiding hypovolemia taking into account that lactate concentration
progressively decreased. No other intervention was performed (e.g.
inotropic drugs) because it was known that physiologic adaptations,
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Figure 4: MostCare®. dP/dt,,, ., maximal rate of pressure change over time.
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mainly characterized by compensatory tachycardia and redistribution
of blood flow to organs, were capable of compensating for the temporary
heart dysfunction. Lactate concentration with blood pressure and
diuresis were used as markers of tissue perfusion and oxygenation. At
this point the tumor was detached from the diaphragm, the upper pole
of the kidney and from the renal vessels tying and cutting the superior
and the inferior adrenal arteries and veins, respectively. The medial
part of the tumor was dissected from the suprarenal and retro-hepatic
vena cava sectioning the middle adrenal artery and the vein. After
the isolation from systemic circulation of the tumor and the adrenal
remove (T2), CI showed an abrupt increase (Figure 2) and CCE values
progressively increased reaching the value of zero in the proximity
of the tumor extraction. It is noteworthy that throughout the entire
operation SBP remained stable, while DBP and HR showed a slightly
decrease (8%). A further TEE, performed at the end of the intervention,
showed a global improvement in both left and right ventricular systolic
functions (left ventricular ejection fraction= 45%; right ventricular
fractional area change= 25% and tricuspid annular plane systolic
excursion= 16 mm). After the surgery, the patient was transferred to the
general Intensive Care Unit (ICU) for close hemodynamic monitoring
until complete recovery of cardiac function was observed during the
following 24 hours. The histological examination identified the tumor
as an adenocarcinoma and before the discharge of the patient from the
hospital the cardiologic examination confirmed a complete recovery of
heart function.

Five years after surgery the patient was alive and the follow-up
showed that the patient was free of disease.

Discussion

In the present case, a widely used hemodynamic monitoring
system such as PAC or TEE would have been considered unnecessary
and inappropriate since the patient was not considered high risk.
Nonetheless, an unexpected bi-ventricular dysfunction complicated the
course of the intervention. A pressure-based hemodynamic monitoring
system, MostCare®, not requiring any adjunctive invasive devices, gave
an early warning that allowed focusing on the acute cardiac failure
without time delay. Standard monitoring based on invasive blood
pressure and HR proved to be incapable of detecting the problem. TEE
was performed as a second level monitoring-diagnostic tool with the aim
of confirming the hemodynamic imbalances displayed by MostCare®.
In spite of low CO, no inotropic support was used because although
inotropic agents can be useful in restoring hemodynamic parameters
and improving peripheral organ perfusion, they can also increase short-
term and long-term mortality. The patient seemed to compensate for
heart dysfunction since lactate concentration progressively decreased.
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Interestingly, a low CCE value, abnormal for a healthy cardio-
vascular system, suggested that compensatory mechanisms affecting
the dynamic arterial impedance were activated.

PRAM estimates the cardio-vascular impedance by analyzing
point-by-point the arterial waveform sampled with high details (1000
Hz = 1000 values/sec). Cardio-vascular impedance is a complex
quantity affected by a number of co-interacting physiologic elements
(relationship between pulsatile pressure and flow, arterial tone and
stiffness, reflected waves, heart rate and contractility, blood viscosity,
etc) and CCE has a strong dependency from the heart-vascular system
interaction in terms of cardio-vascular impedance. Therefore, CCE
represents the hemodynamic work performed/energetic expenditure
ratio giving an estimation of the energetic expenditure performed
by the cardiovascular system to keep some kind of hemodynamic
balance. It is possible to assess the correlation between different
energetic expenditures and CCE as the expression of the ability of the
cardiovascular system to keep homeostasis at different energetic levels.
As a consequence, trends of CCE can be interpreted as modifications
in cardio-vascular impedance and therefore, one of the determinants
of ventricular afterload. Although studies focused on CCE are still
lacking, a potential role of this parameter in the management of cardio-
vascular instability may be arguable.

Moreover, peripheral dP/dt,, ., proposed to be proportional to left
ventricle contractile function despite the fact that published studies
have reached conflicting results although sampled at low rate (200Hz)
[8,9], appeared to be abnormally low despite an increased arterial tone.
Peripheral dP/dt,, , is measured as the maximal rate of pressure change
over time measured between two consecutive points along the systolic
upstroke. DP/dt,,,  progressively improved in agreement with the TEE
findings that showed an increase in left ventricular systolic function.
Our pathophysiological explanation of the observed acute ventricular
dysfunction was related to the angiographic embolization of the tumor,
performed the day before the intervention, with the aim of reducing
intraoperative bleeding. The ischemic injury may have led to the
production of metabolites with cardio-toxic effects. The improvement
in myocardial function observed after the removal of the tumor was
explained by the wash-out of toxic metabolites. Moreover, it is possible
to hypothesize that the exclusion of the tumor from the systemic
circulation resulted in a state of acute hypoadrenocorticism.

Dicrotic pressure was lower than diastolic pressure during the first
part of the intervention (DBP: 71 (SD 6); DicrBP: 67 (SD 7) mmHg
(Figure 1). This finding can be explained by the combination of low
stroke volume and high arteriolar tone as previously observed by
McDonald and coworkers [10] and described as a “large secondary
pressure wave”. Moreover, it strongly suggests the presence of high
compliance of the aorta in which the systolic ejection loads the vessels
with high potential energy. The aortic pressure closes the aortic valve
(dicrotic notch) at a lower pressure level than the diastolic one. In
fact, the potential energy is then returned during the diastolic phase
with an increase in diastolic pressure, a similar, though not identical,
hemodynamic state that can be created by means of the intra-aortic-
balloon-pump application. Finally, as described in the present case,
the authors believe that hemodynamic monitoring has a fundamental
role in identifying unstable clinical conditions before the development
of cellular dysfunction. For example, mixed venous oxygen saturation
has been used for years to identify inadequate oxygen delivery before
cellular damage develops. In our presented case, the PRAM suggested a
hemodynamic derangement (low CCE, low CI, and low dP/dtM AX) that
we chose to confirm and to investigate further with TEE evaluation.

We then decided to transfer the patient to the ICU for continuous
monitoring of heart function.

In conclusion, MostCare®, the only PCM which does not need
any starting calibration or preloaded data [3,4], showed a severe
hemodynamic impairment not detectable by standard monitoring
based on blood pressure and HR. PCMs that use preloaded data
(patient’s demographic and anthropometric characteristics) for
vascular impedance evaluation, in presence of normal values of blood
pressure and HR, showed that the stroke volume estimation can be
deeply affected [4]. The PRAM does not depend on preloaded data and
estimates the vascular impedance in vivo during each cardiac beat by
analyzing the wave morphology with high detail (1000 Hz). Without
hemodynamic monitoring, an acute cardiac insufficiency, like that
described in the present case, could have been suspected only after
the failure of compensatory mechanisms. Moreover, potential adverse
consequences including the risk of fluid overload or incorrect use of
vasoactive amines could have worsened the patient condition.
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