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Background: There is paucity of an optimal method to detect fluid absorption and hemorrhage during
urological endoscopic surgery. We designed an endoscopic surgical monitoring system (ESMS) and estimated
its performance to establish a practical instrument that can monitor the blood loss and fluid absorption
accurately and non-invasively during urological endoscopic surgery.

Methods: Our system employed the strain gauge transducers to detect the inflows and outflows of the
irrigating solutions and the photoelectric sensor to determine the hemoglobin concentration of the collected
irrigating fluid. The amount of blood lost and the volume of fluid absorbed during endoscopic surgery could
be calculated by computer program. The accuracy and validity of this system were validated in simulated
experiment and clinical study of 200 patients who underwent transurethral resection of the prostate (TURP).
Results: The relative errors for fluid absorption detection were between 0.07% and 1.00% and the
coefficient of variation in serial analysis ranged from 0.78% to 3.86%. Furthermore, the relative errors for
blood loss detection were between 0.06% and 1.33% and the coefficient of variation in serial analysis ranged
from 0.86% to 3.94%. In clinical study for TURP, the mean fluid absorption was 644 mL and blood loss was
238 mL.

Conclusions: We provide the accuracy and validity of ESMS. It provides an early and real time detection
and warning of irrigation fluid absorption and blood loss to make endoscopic surgical procedure safer for the

patient.
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Introduction percutaneous nephrolithotomy (PCNL), and transurethral

Fluid absorption can occur when irrigating solutions resection of bladder tumor (TURBT). Excessive absorption

are being used in endoscopic operations. However of irrigating solution may result in transurethral resection
M )
the phenomenon is most frequently associated Wlth Syndrome (TURS) WhICh iS life—threatening Complication

the transurethral resection of the prostate (TURP), that consists of disturbance of the circulatory and central
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Figure 1 The first generation of prototype of endoscopic surgical

monitoring system.

nervous systems during endoscopic surgery (1). Hemorrhage
is one of the most important causes of morbidity during
TURP. Because the blood is mixed with the irrigating fluid,
the estimation of hemorrhage is more difficult than other
operations. Knowledge of the total blood loss of the patient
would allow haemorrhage to be managed more rationally.
At present, one of the difficulties in the management
of patients undergoing endoscopic surgery is the lack of
a practical and optimal method to detect fluid absorption
and haemorrhage during the operation (2). This lack of
information may result in an increased potential for the
development of complications such as the TURS and shock.
We therefore developed an intelligent monitoring system
for the accurate and noninvasive measurement of fluid
absorption and haemorrhage during urological endoscopic
surgery and evaluated its validity. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/tau-19-780).
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Methods
Design of endoscopic surgical monitoring system

We designed this endoscopic surgical monitoring
system based on the method of volumetric fluid balance.
Volumetric fluid balance method measures the difference
between the volume of used irrigating fluid and the volume
of collected irrigating fluid, with a correction for blood loss
and urine output during the urological endoscopic surgery.
The formula used to calculate the absorption of irrigating
fluid is: Absorbed fluid = (fluid input + estimated urine
output + estimated blood loss) — fluid output.

Measurement of the inflows and outflows of irrigating fluid

In our present monitoring system, weight was chosen as the
appropriate parameter to observe the change of irrigating
fluid in the closed system. We used strain gauge transducers
to monitor fluid balance by measuring the weight change of
irrigating fluid. This endoscopic surgical monitoring system
consisted of two strain gauge transducers. One transducer
was mounted on a specially designed infusion support
for measuring the inflow of irrigating fluid, and another
transducer was installed on the bottom of a specially
designed collecting bucket for measuring the outflow of
irrigating fluid.

The output from the transducers was passed via
balancing circuitry and the analog signals were transformed
by a CS1180 AD conversion chip. A serial link was used
to transfer the above information to a computer (Toshiba)
and a computer program and software was used to acquire
and process the data. The volumes of inflow and outflow
of irrigating fluid were calculated by the predetermined
computer program based on the weight and density of the
irrigating fluid. Then, the volumes of inflow and outflow
of irrigating fluid were displayed on the computer screen
(Figure ). This equipment has been inspected and approved
by Chinese Food and Drug Administration for manufacture
(approved number: 20162210011) for clinical use.

Estimation of the urine output

The urine output produced per unit time after infusing
different intravenous fluids was measured in a clinical
study which included 100 inpatients. The results showed
that after infusion of corresponding fluid, the fluctuating
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Figure 2 The influence of different irrigating solutions on the determination of the hemoglobin concentration. (A) The standard curve of

hemoglobin when 0.9% NaCl was used as irrigating solution; (B) the standard curve of hemoglobin when 5% glucose was used as irrigating

solution; (C) the standard curve of hemoglobin when 5% mannitol was used as irrigating solution; (D) the standard curve of hemoglobin

when 1.5% glycine was used as irrigating solution.

range of urine output produced per unit time was relatively
small. Therefore, the means of urine output produced
per minute after infusing different fluids can be viewed as
known parameters and input into the computer software for
determination of irrigating fluid absorption.

Determination of the blood loss

The blood loss during the endoscopic surgery was calculated
by measuring the blood hemoglobin concentration of
patient prior to the operation (Hby,,q) and the hemoglobin
concentration in the irrigating fluid collected in the
collecting bucket (Hbg,,) and then using the following
formula:

Blood loss = [Hbg, / Hbyyoq] Collected irrigating fluid
volume.

The volume of collected irrigating fluid could be
calculated and obtained by above technique and procedure.
To detect the hemoglobin concentration in the collected
irrigating fluid we employed the photoelectric sensor. The
photoelectric sensor was installed on the bottom of the
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collecting bucket. We established four standard curves
of hemoglobin based on different irrigating solutions
during endoscopic surgery and have input corresponding
parameters into the computer software to calculate
bleeding (Figure 2). Different amounts of blood dispersed
in the irrigating fluid in the collecting bucket results in
the change of the solution transmissivity. The change of
optical signals was detected by the photoelectric sensor
and then transformed to the electrical signals (voltage).
The hemoglobin concentration in the collected irrigating
fluid could be calculated by the predetermined computer
program according to the irrigating solution used and
corresponding hemoglobin standard curves. Then, the
volume of blood lost during endoscopic surgery could be
calculated by computer program using the above-mentioned
formula.

Estimation of the accuracy of strain gauge transducer and

photoelectric sensor

Firstly, the accuracy of strain gauge transducer was tested.
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Different volumes (50-8,000 mL) of four irrigating
solutions (0.9% NaCl, 5% glucose, 5% mannitol and 1.5%
glycine) were hung on the infusion support or added to
the collection bucket. The values of irrigating solutions
volume displayed on the computer screen were recorded.
The accuracy of strain gauge transducer was then assessed.
Secondly, we tested the accuracy of photoelectric sensor.
Known amounts (2-500 mL) of bank blood (Hb 120 g/L)
were run into collection bucket containing known amounts
(2,000, 4,000 and 8,000 mL) of four irrigating fluids. The
solutions were stirred by the stirrer and the volumes of
blood added to the bucket were displayed on the computer
screen. The values were then recorded and the accuracy of
photoelectric sensor was assessed. Each test was repeated six
times.

Estimation of the validity of this endoscopic surgical
monitoring system in simulated absorption and bleeding
experiment under laboratory environment

In this test, 0.9% NaCl, 5% glucose, 5% mannitol and
1.5% glycine were used as the irrigating solution and an
irrigating fluid bag containing 3,000 mL of corresponding
irrigating solution was hung on the specially designed
infusion support. The fluid outflowed from the irrigating
fluid bag through the outlet pipe and flowed into the
collection bucket. The suction of known amounts (50—
500 mL) of irrigating fluid using a 50-mL syringe connected
to the outlet pipe by a three-way cock simulated the fluid
absorption during endoscopic surgery. Furthermore, the
addition of known amounts (30-240 mL) of bank blood
into the collection bucket simulated the hemorrhage during
endoscopic surgery. Each test was repeated six times.

Estimation of the validity of this endoscopic surgical
monitoring system in clinical study

This study was approved by the Ethics Committee of the
Second Hospital of Lanzhou University (No. 2014-025;
Date: March 4th, 2014). All patients provided a written
informed consent. 200 patients with BPH undergoing
TURP were recruited to assess the validity of our
endoscopic surgical monitoring system for the monitoring
of blood loss and fluid absorption. The age of the patients
ranged from 57 to 82 years old with a mean of 71 years old.
Spinal anaesthesia was used and resections were conducted
using monopolar or bipolar systems by senior surgeons.

© Translational Andrology and Urology. All rights reserved.

1195

The monitoring of the patients consisted of systolic arterial
pressure recordings with a sphygmomanometer (SAP),
electrocardiography, perioperative complications, blood
loss and irrigant fluid absorption by our endoscopic surgical
monitoring system. Blood ion contents, plasma osmolarity
and blood counts were determined before and within
10 min after TURP. All resected prostatic tissue weight,
total operative time and any complications were recorded.

Statistics

Results were presented as the mean and standard deviation
(SD). When there was a skewed distribution, the results
were given as the median and the range.

Results

The influence of different irrigating solutions on the
determination of the hemoglobin concentration

In order to evaluate the influence of different irrigating
solutions on the determination of the hemoglobin
concentration, we established four standard curves of
hemoglobin using four different irrigating solutions. Eight
hemoglobin standard concentrations were prepared by
serial dilutions in four different irrigating solutions at
concentrations of 0.24-3.6 mg/mL and ran in triplicate
from beginning to the end of each batch. Linear regression
analysis was used to construct standard curves by plotting
the voltage values versus the respective hemoglobin
concentrations (Figure 2). The regression equations
from the standard curves were used to back calculate the
hemoglobin concentration in the collected irrigating
fluid. Figure 2 showed good linearity (+">0.9991) between
voltage values and hemoglobin concentrations over the
concentration range from 0.24 to 3.6 mg/mL.

The influence of infusing intravenously with different
fluids on the urine output

Our results showed that after infusion of corresponding
fluid, the fluctuating range of urine output produced per
unit time was relatively small and the means of urine output
produced per minute can be viewed as known parameters
(Table SI). The mean urine output was 1.99, 1.87 and
2.35 mL per minute after infusion of Ringer lactate, 0.9%
NaCl and 5% glucose, respectively.
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Table 1 The accuracy of strain gauge transducer and photoelectric sensor

Irrigating solutions

Parameter
0.9% NaCl 5% glucose 5% mannitol 1.5% glycine
Strain gauge transducer
Absolute error (range) 0.30-2.85 0.22-2.78 0.32-2.25 0.43-2.87
Relative error % (range) 0.01-0.87 0.01-1.00 0.01-0.83 0.02-0.95
Coefficient of variation % (range) 0.08-3.71 0.07-3.90 0.08-3.22 0.07-3.88
Photoelectric sensor
Absolute error (range) 0.02-1.30 0.02-1.68 0.02-1.28 0.02-1.62
Relative error % (range) 0.08-1.67 0.07-1.50 0.10-1.33 0.05-1.15
Coefficient of variation % (range) 0.43-3.96 0.46-3.99 0.98-3.96 1.09-3.92

The accuracy of strain gauge transducer to measure
irrigating fluid volume

Our results showed high accuracy of strain gauge transducer
for irrigating fluid volume detection (7zble 1). When four
different irrigating solutions were used, the relative errors
of strain gauge transducer were between 0.01% and 1.00%
and the coefficient of variation in serial analyses ranged
from 0.07% to 3.90%.

The accuracy of photoelectric sensor for blood loss detection

Our data indicated high accuracy of photoelectric sensor
for measuring blood loss (7able 1). When four different
irrigating solutions were used, the relative errors of
photoelectric sensor were between 0.05% and 1.67% and
the coefficient of variation in serial analyses ranged from
0.43% to0 3.99%.

Estimation of the validity of this system in simulated blood
loss and fluid absorption experiment

Tuables 2,3 showed the results obtained from the simulated
fluid absorption and blood loss experiment and illustrated
the validity of the monitoring system. The relative errors
for fluid absorption detection were between 0.07% and
1.00% and the coefficient of variation in serial analyses
ranged from 0.78% to 3.86%. Furthermore, the relative
errors for blood loss detection were between 0.06% and
1.33% and the coefficient of variation in serial analyses
ranged from 0.86% to 3.94%. This system proved stable
and accurate for clinical requirement.

© Translational Andrology and Urology. All rights reserved.

Estimation of the validity of this system in clinical study

As seen in Table 4, the mean operating time of TURP
was 61 minutes (25-110 minutes). The mean resected
weight of prostate was 22 g (8-36 g). The mean volume
of systemic irrigation fluid absorption during TURP was
644 mL (55-1,290 mL). The mean volume of blood lost
was 238 mL (29-430 mL). There was no intraoperative
and postoperative complications noted. No patient showed
clinical signs of fluid absorption and no operation had to be
curtailed or ended prematurely because of the absorption.
Neither Na® concentrations nor plasma osmolarity showed
any significant changes in all 200 patients. Our monitoring
system was safe for patients and had no adverse effects on
operations.

Discussion

Monitoring and detecting the absorption of irrigating
fluid and haemorrhage during urological endoscopic
operations is important to reduce the complications and
to alert the surgeon to take the appropriate steps and
corresponding treatments. The absorption of irrigating
fluid and haemorrhage are difficult to monitor and are only
estimated based on surgeon’s clinical skill and experience.
Various methods of estimating irrigating fluid absorption
have been proposed. These methods include weighing the
patient before and after the operation (3), measuring serum
sodium levels (4,5), estimating ‘lost’ irrigating fluid (6),
monitoring central venous (7) or intravesical pressures (8),
measuring irrigating fluid solute (9,10) or marker substances
levels (11,12), and monitoring breath ethanol levels
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Table 2 Estimation of the validity of this system in simulated fluid absorption experiment

The volumes of simulated fluid absorption

Parameter
50 mL 100 mL 200 mL 500 mL
0.9% NaCl
Mean + SD 49.92+1.85 99.53+3.10 200.83+3.87 500.92+4.85
Absolute error 0.08 0.47 0.83 0.92
Relative error, % 0.17 0.47 0.42 0.18
Coefficient of variation, % 3.70 3.12 1.93 0.97
5% glucose
Mean + SD 49.62+1.92 101.00+2.27 200.87+4.98 500.88+5.52
Absolute error 0.38 1.00 0.87 0.88
Relative error, % 0.77 1.00 0.43 0.18
Coefficient of variation, % 3.86 2.25 2.48 1.10
5% mannitol
Mean + SD 49.90+1.05 100.98+2.83 201.75+3.04 498.83+5.36
Absolute error 0.10 0.98 1.75 1.17
Relative error, % 0.20 0.98 0.88 0.23
Coefficient of variation, % 2.1 2.80 1.51 1.07
1.5% glycine
Mean + SD 50.03+1.91 100.43+2.67 200.85+2.83 500.83+3.90
Absolute error 0.03 0.43 0.85 0.83
Relative error, % 0.07 0.43 0.42 0.17
Coefficient of variation, % 3.83 2.66 1.41 0.78

(13-17). Most of the traditional methods are complicated
and cumbersome for use in everyday clinical practice. In
these methods there are some deficiency such as inaccurate,
difficult to interpret, involving the invasive procedures
or radioisotopes, and the potential for complicating or
delaying the surgery. The previous techniques reflect the
consequences arising from massive fluid absorption rather
than giving early warning, and cannot real-time quantified.
Measurement of the levels of irrigating fluid solute are
complicated and time consuming, precluding this method as
a rapid ‘bedside’ assay. Although variations in serum sodium
levels are commonly thought to reflect the fluid absorption,
homeostatic mechanisms render them inaccurate after the
first few minutes of absorption (5). Ethanol monitoring
method has been used in some clinical practices and
has attracted a lot of interest. However, it only gives
the warning of intravascular absorption, and not giving

© Translational Andrology and Urology. All rights reserved.

early warning of extracapsular leaks or changes in total
fluid balance. Additionally, it relies on a relatively simple
formula to correct for the effects of ethanol metabolism,
diffusion and excretion, making quantification of the total
fluid absorption questionable (18). All these problems have
addressed the urgent need for a non-invasive, accurate and
reliable method and device to monitor the absorption of
irrigating fluid and haemorrhage at an early stage and real
time to reduce further fluid overload and complications.

To meet urological endoscopic practice needs, the
present endoscopic surgical monitoring system was
developed. Our monitoring system measures total fluid
balance, and hence both intravascular and extra-peritoneal
fluid absorption. We also take into account the effects
of blood loss and urine output on total fluid balance.
Compared with other methods described in the literatures,
the present monitoring system is a non-invasive, accurate,
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Table 3 Estimation of the validity of this system in simulated blood loss experiment

The volumes of simulated blood loss (mL)

Parameter
30 60 120 240

0.9% NaCl
Mean + SD 30.40+0.96 60.45+1.19 121.08+2.55 241.97+4.45
Absolute error 0.40 0.45 1.08 1.97
Relative error, % 1.33 0.75 0.90 0.82
Coefficient of variation, % 3.17 1.98 2.10 1.84

5% glucose
Mean + SD 30.32+1.07 60.70+1.44 120.92+2.46 239.15+3.18
Absolute error 0.32 0.70 0.92 0.85
Relative error, % 1.06 1.17 0.76 0.35
Coefficient of variation, % 3.54 2.37 2.03 1.33

5% mannitol
Mean + SD 30.07+1.10 59.35+1.80 120.58+2.12 239.48+2.07
Absolute error 0.07 0.65 0.58 0.52
Relative error, % 0.22 1.08 0.49 0.22
Coefficient of variation, % 3.65 3.03 1.76 0.86

1.5% glycine
Mean + SD 29.98+1.18 60.27+1.95 120.93+2.24 239.72+2.08
Absolute error 0.02 0.27 0.93 0.28
Relative error, % 0.06 0.44 0.78 0.12
Coefficient of variation, % 3.94 3.24 1.86 0.87

Table 4 Estimation of the validity of this system in clinical study

Variables Mean SD Range

Age (years) 71 6 57-82

Operating time (min) 61 17 25-110

Weight of resected prostate (g) 22 6 8-36

Fluid absorption (mL) 644 270 55-1 290

Blood lost (mL) 238 98 29-430

rapid and real-time analysis, and the amounts of fluid
absorption and haemorrhage are directly displayed on the
computer screen. We think that this monitoring system has
significant advantages and will influence the management
of patients undergoing endoscopic surgery by giving early
warning of significant fluid absorption and haemorrhage.

© Translational Andrology and Urology. All rights reserved.

The analytical performance of our monitoring system
has been validated with respect to the linearity and
accuracy, presenting adequate performance characteristics
in simulated experiment of fluid absorption and blood lost,
which meets clinical requirement and use. In addition, a
clinical study was performed to estimate the performance
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and validity of this monitoring system. The system was
proved stable and accurate both in laboratory environment
and in clinical study. This equipment of endoscopic
surgical monitoring system can be used in both urological
and hysteroscope endoscopic operation to monitor fluid
absorption and haemorrhage to prevent TURS or shock
caused by bleeding.

Conclusions

This endoscopic surgical monitoring system was proved
to have the advantages of high accuracy and reliability.
This monitoring system provides a valid and non-invasive
method of continuously monitoring fluid absorption and
blood loss in patients undergoing endoscopic surgery.
The usage of this monitoring system in the clinic will
significantly decrease the complications and make the
endoscopic surgery safer for the patient and easier for the
surgeon. So, we conclude that the endoscopic surgical
monitoring system will have a good prospect for clinical
application.
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Supplementary

Table S1 The influence of infusing intravenously with different fluids on the urine output

Intravenous fluids

Variables
Ringer lactate 0.9% NaCl 5% glucose
Number of patients 30 30 30
Urine output (mL/min)
Mean 1.99 1.87 2.35

Range 1.08-2.92 1.02-3.25 1.38-3.67
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