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Abstract

Objective: During TURP volume and hemodynamic changes occur due to bladder irrigation.

Methods: Hemodynamics, total body water (TBW) and plasma sodium were monitored using bioimpedance in 36 patients
undergoing TURP under spinal anesthesia (SA).

Results: Following SA, mean arterial pressure (MAP), heart rate (HR) and systemic vascular resistance (SVR) decreased vs.
the preoperative values (88±8 vs. 106.4 ±12 mmHg, 66± 12 vs. 77.7 ±11 beats/minute, and 880±130 vs. 1100±180
dynn.sec.cm-5 - p<0.05). Postoperatively, MAP was lower than preoperatively and higher than postspinal (99.6±14.6 vs.
106.4±12 and 88.8±8 - p<0.05). The postoperative HR was lower than preoperatively (68.2±14.3 vs. 77.6±11 - p<0.05), cardiac
index (CI) decreased vs. preoperative and postspinal values (2.40±0.80 vs. 3.04±0.86 and 2.98±0.7 - p<0.05). The SVR was
lower after SA vs. preoperative and postoperative values (880±130 vs. 1100±180 and 1220±120 - p<0.05). TBW did not
change.

Conclusions: CI and HR decreased following TURP. Serum sodium was lower postoperatively.

INTRODUCTION

Large amounts of glycine, an electrolyte-free irrigating fluid,
used in TURP are absorbed into the blood stream and may
induce circulatory overload, toxic effects (including
neurological signs), dilution of electrolytes and proteins and
interference with renal function (1). The diagnosis of TURP

syndrome is based upon clinical signs and laboratory

demonstration of dilutional electrolyte disturbances (1).
Thoracic bioimpedance (impedance cardiography) is based
upon the principle of a change in transthoracic electrical
resistivity, which occurs during ejection of blood into the
thoracic ascending aorta (2). The more water in the thorax,

the better the conductivity to electrical flow and the lower its

resistance (2). Impedance cardiography has been proposed as
a simple and readily reproducible noninvasive technique for
the determination of cardiac output, systemic vascular

resistance and thoracic fluid content (2).

In this study we used the bioimpedance method for

hemodynamic monitoring of the patients undergoing TURP
under spinal anesthesia.

METHODS

Thirty-six patients aged 50-70 years were enrolled in this
prospective study. Excluded were patients with a
documented ejection fraction of less than 50%, renal failure,
patients who received diuretic treatment, those who had
peripheral edema and those who refused SA, or those in
whom SA was contraindicated. Before performing SA,
patients were connected to the bioimpedance monitor (NICa
S-2001 Noninvasive Medical LTD, Israel) for hemodynamic
and total body water (TBW) measurements. Patients were
also monitored with ECG, pulse oximetry, noninvasive
blood pressure and axillary temperature measurements. Two
upper limb veins were cannulated with large bore cannulae
(14 or 16G) for administration of fluids and blood sampling.
Before performing SA, 500 ml of lactated Ringer's solution

were infused over 20 minutes, followed by 2-4 ml.Kg -1
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.hour -1 . Oxygen was administered throughout the
procedure. A decrease in systolic blood pressure of more
than 30% for over 5 minutes was treated with an intravenous
bolus of 5 mg of ephedrine. Glycine 1.5% was used for
bladder irrigation. Intravesical pressures were not measured
during the procedure.

ANESTHESIA

Patients were premedicated with oral diazepam (0.1mg.kg -1

) one hour before surgery. Spinal anesthesia was performed
in lateral position at L2-L3, with a 27G pencil point needle
(Whitacre). Heavy bupivacaine (12.5 mg) was subsequently
injected into the spinal space. Immediately after SA, the
patient was placed in lithotomy position and the legs were
elevated on stirrups. No other medication (sedatives, opiates)
was given during surgery. If SA failed or was insufficient for
surgery, general anesthesia was added and the patient was
excluded from the study.

MEASUREMENTS

Mean arterial blood pressure and HR were recorded every 3
minutes. Cardiac index and SVR were measured with the
bioimpedance monitor 3 times in each patient: before SA
and the fluid bolus, after SA (before starting the operation,
with the legs on the stirrups) and at the end of surgery after
lowering the legs from the stirrups (before the glycine was
changed over for normal saline as for postoperative
irrigation).

Total body water was measured with the bioimpedance
method as well, prior to SA, after SA and at the end of
surgery.

The bioimpedance apparatus we used, was patented in both
USA (Patent # US5469856) and Europe (Patent #
EP0575984). The accuracy of the hemodynamic
measurements performed with this machine compared to the
thermodilution technique has been previously validated by,
in patients undergoing coronary artery bypass grafting (3).

Electrolytes (sodium and potassium), blood glucose and
hemoglobin were also measured at the same time points,
using a blood gas machine (Chiron Diagnostics 865, Chiron
Corporation, East Walpole, Ma, USA). The total volume of
intravenous and infused irrigation fluids was recorded.

The study was undertaken after obtaining approval of the
Institutional Ethics Committee. Written informed consent
was obtained from each patient.

STATISTICAL ANALYSIS

The paired t-test method was used to statistically compare
the mean values of the variables at various phases of the
measurements. A p 0.05 was considered statistically
significant.

RESULTS

The mean age was 66±12 years, mean weight was 72±12
Kg, mean height was 176±9 cm, and the mean duration of
surgery was 52±19 minutes. Estimated blood loss was less
than 300ml in each patient. No patient was excluded because
of failure of SA. The upper sensory level of SA was T8±3
segments. Blood replacement therapy or ephedrine boluses
were not needed in any of the participating patients. The
mean total amount of intravenous fluids infused was 1.6 ±
0.4 L and that of irrigating fluids was 12.9 ± 6.6 L. The
largest volume of irrigating fluid (25 liters) was recorded in
patients who were operated on for more than 105 minutes.
Serum potassium, glucose and hemoglobin did not differ
significantly between the beginning and end of surgery.
There was a slight increase in postoperative TBW (41.9 L)
compared to the preoperative and postspinal values (41.7 L
and 41.6 L respectively) in patients who received more than
20 liters of irrigating fluid, but the difference was not
statistically significant. Serum sodium was lower

(138±3mEq.L -1 versus 143±2 and 142±3) postoperatively
than preoperatively and after SA (P=0.0029).

One case sustained severe, acute postoperative hyponatremia

(108 mEq.L -1 ). Two other patients had sodium values of
116 and 117 respectively. All these patients received more
than 20 liters of irrigation fluid, were operated on for more
than 100 minutes and suffered from CNS manifestations
(confusion, somnolence), but remained hemodynamically
stable and had no signs of pulmonary congestion. Patients
were managed with fluid restriction, administration of 0.9%
saline solution, and 10 mg of furosemide intravenously. The
sodium levels returned to normal within 6-8 hours.

Table 1 summarizes the hemodynamic measurements
recorded before SA, after SA with the legs on the stirrups
and at the end of surgery, with the legs lowered from the
stirrups. Folowing SA, there was a significantly decrease in
MAP, HR and SVR,

compared to the preoperative values (p<0.05). Following
surgery, MAP was lower compared to the preoperative
period and increased compared to the postspinal period
(p<0.05). The postoperative HR was lower than
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preoperatively (p<0.05) whereas CI decreased significantly
compared to the preoperative and postspinal values (p<0.05).
Cardiac index decreased by 20% at the end of the procedure
compared to the preoperative value. SVR was higher both
preoperatively and postoperatively than immediately after
SA. The clinical manifestation, hemodynamics, water
balance and electrolyte data of the 3 patients who developed
postoperative hyponatremia is presented in table 2.

Figure 1

Table 1. Comparison of preoperative, postspinal and
postoperative hemodynamic measurements

Numbers represent mean ± SD and expressed in: 1 mmHg, 2

beats/minute, 3 Liter/minute/m 2 , 4 dynes.sec.cm -5 p 0.05 was
considered significant.

Figure 2

Table 2. Data of the 3 patients who developed postoperative
hyponatremia

Numbers are expressed in: 1 mmHg, 2 beats/minute, 3

Liter/minute/m 2 , 4 dynes.sec.cm -5 *liters, and **mEqv.L -1 .

DISCUSSION

We evaluated the changes in TBW, plasma sodium and
hemodynamic variables during TURP performed under SA.
Although a transient hypervolemia may occur during the
first 20 minutes of absorption of irrigating fluids, this is
usually followed later on by hypovolemia and hypotension
caused by translocation of the absorbed fluids from plasma
to the interstitial space and by the glycine-induced osmotic
diuresis (4). This may explain why the postoperative TBW

increased only slightly compared to the preoperative values.

As shown by our results, only the patients with severe

hyponatremia (Na<120 mEq.L -1 ) were symptomatic. Severe
hyponatremia was associated with the use of more than 20 L
of irrigating glycine and with surgey lasting more than 100
minutes. As a routine of our department, severe
hyponatremia was treated with fluid restriction,
administration of 0.9% NaCl and a small dose of
furosemide.

The mechanism behind the hemodynamic changes observed
in patients who develop TURP syndrome is multifactorial,
possibly involving the glycine's direct cardiac depressant
effect and hypovolemia (which follows a short period of
hypervolemia), caused by ostmotic diuresis and translocation
of intravascular fluid to the interstitium (5,6). In a Doppler

ultrasonographic study of hemodynamics during intravenous
infusion of glycine in healthy volunteers, Nilsson et al found
a decrease in HR and cardiac output (CO) and an increase in
MAP indicating a higher SVR (7). However, we cannot

blame the glycine for these effects, as we did not measure
the serum levels of glycine or its metabolites.

We recorded similar hemodynamic changes except for a
decrease instead of an increase in MAP. The decrease in
MAP despite a slightly elevated SVR may be explained by a
significant drop in CO caused by SA and/ or by translocation

of intravascular fluid to the interstitium (4). The
measurements performed immediately after SA confirmed
our hypothesis. Also, the arterial vasodilation produced by
SA may have ameliorated the increase in SVR that was a
response to the drop in CO. Spinal anesthesia may affect
hemodynamics by several mechanisms (8). The venodilation

caused by SA may decrease the preload and thus, the CO.
Cardiac output is also decreased by bradycardia which has
multiple etiologies: a decrease in venous return to the right
atrium (the “reverse Bainbridge” reflex), an imbalance
between the sympathetic and parasympathetic system, a
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decrease in adrenal catecholamine secretion if the spinal
block is higher than T4 and inhibition of cardioacceleratory
nerves if the spinal block is involving these fibers (T1-T4).

Both the decrease in preload to the heart and arterial
vasodilation, are attributed to preganglionic sympathetic
neural blockade. The amount of hypotension is directly
related to the extent of sympathetic blockade. The further
drop in CO at the end of surgery, despite a higher HR and
SVR, suggest that the hemodynamic changes cannot be
attributed solely to SA. It would be helpful to have a central
venous or a pulmonary artery catheter in place for
concomitant preload measurements. Because invasive
hemodynamic monitoring is not routinely used during SA,
we have chosen to use noninvasive monitoring in these
awake patients.

Impedance cardiography enables assessment and
management of thoracic fluid status, cardiac output and its

derivatives by continuous, noninvasisve measurements (2).

In our experiment, points of time for bioimpedance
measurements were chosen as points in which the patient
was in a hemodynamic steady state. Hemodynamic
evaluation should be performed in steady state in order to
receive physiologically interpretable data. Continuous
hemodynamic monitoring during surgery will supply data of
various aspects. These would reflect various stages of
anesthesia, blood loss, effects of various medications given,
etc. In such setup these data may be more confusing than
contributing. The advantage of measurements in points of
time when the patient is in steady state is that “clean “
results, reflecting physiologic changes are collected.

The thoracic bioimpedance method has also been used to
assist in determining an adequate dosage regimen of inotrope
infusions in patients with Class III and IV heart failure, by
immediate noninvasive display of CO (9).

In patients with dual-chamber pacemakers, cardiac output
can vary significantly by altering the atrio-ventricular (AV)
delay. With the beat-to-beat stroke volume monitoring
available with thoracic bioimpedance, CO can be evaluated
at a wide range of AV delays in the pacemaker clinic, within
minutes (10).

While this would not be a replacement for myocardial
biopsy, impedance cardiography monitoring can serve as a
valuable noninvasive adjunct in postoperative diagnosis of
early rejection following heart transplantation (11). The

accuracy of the bioimpedance measurements of CO and its
derivatives compared to the thermodilution method has been

validated in patients undergoing coronary artery grafting (3),
in critical care patients (12), in patients suffering from

preeclampsia (13), and in patients with severe blunt trauma

(14). The bioimpedance method also enables simultaneous

measurements of the total body water and compartmental
water distribution (15).

Noninvasive hemodynamic monitoring with the
bioimpedance method offers several advantages. First, it
obviates the complications related to the use of pulmonary
artery catheters, such as: pneumothorax, pulmonary
infarction, air embolism, infection, etc. It may be applied
without causing discomfort to awake patients during
surgeries under regional anesthesia. In critical care settings,
it allows for independent nurse care as opposite to the use of
pulmonary artery catheter, which requires the active
intervention of a physician for insertion and measurements.

Thoracic bioimpedance measurements may not be reliable in
certain circumstances such as extremely large amounts of
thoracic fluid (i.e. in severe pulmonary edema which may

interfere with the impedance signal. (2). Its use is also limited
in uncooperative patients or those with excessive movement

(2) and in hemodynamically significant valvular disease or
severe deformation of the chest wall.

By using thoracic bioimpedance monitoring, we found that
systemic vascular resistance increased and cardiac index
decreased significantly following transurethral resection of
prostate, without a significant change in total body water.

We believe that thoracic bioimpedance monitoring may help
understand the complexity of the hemodynamic changes
associated with transurethral resection of prostate and may
improve our ability for diagnosis and treatment of TURP
syndrome.
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