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Abstract \
Aim: In our study, we aimed to investigate anesthesia management, hemodynamic changes and complications
that may occur due to steep trendelenburg, pneumoperitoneum and surgery in RARP patients operated in Akdeniz
University School of Medicine, and to evaluate our initial results.

Methods: Patients who underwent RARP operation with the diagnosis of prostate adenocarcinoma by the Urology
Clinic at Akdeniz University School of Medicine between January 2015 and February 2018 were evaluated
retrospectively. Patient’s demographic data, intraoperative hemodynamic and respiratory data, postoperative
transfer sites, extubation times, post-extubation blood gas values, complications and discharge times were
recorded. Obtained data were analyzed with IBM SPSS® 23.0 program.

Results: We found that mean age of the 131 patients included study was 62 years, and mean BMI was 27,6 kg/m>.
Also we found that 47 of patients were ASA-I, 69 of patients were ASA-Il and 15 of patients were ASA-Ill. After
general evaluation, it was seen that HR, SBP, DBP and MAP decreased significantly in intraoperative period in all
patients. There was also a significant decrease in pH and increase in pCO, in patients due to pneumoperitoneum.
In our study, we found that the most common postoperative complication was nausea and vomiting, and the
second common was anastomotic leakage. However, none of our patients had a permanent complication.
Conclusions: In order to manage anesthesia in RARP, it is necessary to know the physiologic effects of
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trendelenburg position and pneumoperitoneum on the systems and physiological changes in old age.

With the integration of advancements in technology into the field
of medicine, diagnostic and treatment methods continue to evolve.
Today, robotic-assisted surgical applications can be adapted to al-
most all surgical procedures. Among these, robotic-assisted radical
prostatectomy (RARP) is the most frequently performed. RARP pro-
vides various advantages, such as facilitating micro-anastomosis in
tight spaces through the movement capabilities of robotic arms, less
bleeding, providing a more comfortable working area for the sur-
geon, along with other benefits offered by laparoscopic methods!2.
However, there are main disadvantages like the necessary steep
Trendelenburg position, the implementation of pneumoperito-
neum, and the long duration of surgery. Specifically, the deep
Trendelenburg position and the added pneumoperitoneum have
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numerous physiological effects (on the cardiovascular system, res-
piratory system, central and peripheral nervous system, endocrine
system, urinary system). In addition, the patient group on which
RARP is applied generally consists of elderly patients with addi-
tional diseases. Considering all these effects, anesthesia manage-
ment of RARP is quite a challenging process3. In this study, we aimed
to analyze our anesthesia practices in RARP cases operated by the
Urology Clinic at the Akdeniz University Faculty of Medicine Hospi-
tal, focusing on patient positioning, pneumoperitoneum, potential
hemodynamic changes, and complications related to surgery, and to
evaluate our preliminary results. Accordingly, we aimed to review
the issues that should be considered during our anesthesia applica-
tions in RARP surgeries at our clinic.

In this study, patients who underwent robotic-assisted radical
prostatectomy (RARP) for the diagnosis of prostate adenocarci-
noma at the Akdeniz University Faculty of Medicine between Janu-
ary 2015 and February 2018 were evaluated retrospectively. All pa-
tients were informed by the surgical and anesthesia teams before
the operation, and necessary surgical and anesthesia consents were
obtained. Following the acquisition of necessary permissions from
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the chief physician to examine hospital records and the ethical com-
mittee approval no. 156 dated 01.03.2017, data collection began. Pa-
tients' preoperative and postoperative examination records and la-
boratory data were accessed using the MIA-MED® program, which
is the data database of Akdeniz University Hospital; intraoperative
data were obtained by examining anesthesia monitoring forms for
the operation. Also, records of the Anesthesia Intensive Care Unit
(ICU) and Post-Anesthesia Care Unit (PACU) of Akdeniz University
Hospital were reviewed for the data related to the patients' extuba-
tion.

In the preoperative evaluation, demographic data (age, weight,
height, BMI), ASA classification, and presence of comorbid diseases
(coronary artery disease, COPD/Asthma, hypertension, diabetes,
others) were included.

In the intraoperative evaluation, heart rate (HR), systolic blood
pressure (SBP), diastolic blood pressure (DBP), mean arterial pres-
sure (MAP), peripheral oxygen saturation (Sp0z2), and End-tidal car-
bon dioxide (EtCO2) values were recorded hourly from the time of
the patient's intubation until the patient was removed from the op-
erating room, using anesthesia monitoring forms (Drager Infinity®
Delta). Arterial blood gas data (pH, pO2, pCOz, lactate) were rec-
orded immediately after arterial catheterization, hourly for the next
two hours, and then every two hours. Arterial blood gas measure-
ments were made with the Siemens Rapidlab® 1200 device availa-
ble in our hospital. The amounts of crystalloid and colloid given to
the patient during the intraoperative process, the amount of blood
transfusion if performed, anesthesia time, and operation time were
also recorded. The operation time was considered as the time from
the initial skin incision to the moment when the robotic system was
separated from the patient, and all skin incisions were sutured. The
anesthesia time was considered as the time from the beginning of
the induction of anesthesia until the patient was removed from the
operating room. Since all evaluated patients were transferred to the
intensive care unit or post-anesthesia care unit, extubation was not
considered the end of anesthesia.

During anesthesia induction, 1mg/kg lidocaine, 5-7 mg/kg sodium
thiopental, 2-10 mcg/kg fentanyl and 0.6 mg/kg rocuronium are ad-
ministered. After intubation, invasive arterial monitoring and other
monitoring procedures are performed if necessary. Immediately af-
ter induction, 10 mg metoclopramide and 50 mg ranitidine are ad-
ministered. For anesthesia maintenance, sevoflurane is adminis-
tered at a concentration of 1-2%, and remifentanil is administered
as an analgesic at a dose of 0.5-2 mcg/kg/min. Muscle relaxant infu-
sion is not administered. Gastric emptying is provided to all patients
by inserting a nasogastric tube without positioning after induction.

According to the operation protocol, the patients were fixed in a
supine position, with arms adducted on both sides and legs
lateralized at approximately 45 degrees. The patient was given a 35-
40 degree Trendelenburg position; Protective measures have been
taken against nerve and organ damage. Pneumoperitoneum is
created by insufflation of CO2 to an intra-abdominal pressure of
approximately 12+3 mmHg.

Mechanical ventilation was provided with a Drager Primus® anes-
thesia workstation. Patients are routinely ventilated in VCV mode,
50% air - 50% oxygen mixture, 3 1/min fresh gas flow, 8 ml/kg tidal
volume, 12 respiratory rate, 5 cmH20 PEEP pressure, 1:2 inspira-
tion:expiration (I:E) ratio and with a maximum peak pressure of 40
cmH20. Ventilation settings were changed to keep EtCO2 30-40
mmHg throughout the operation.

Regarding to postoperative data, the location where the patient
was transferred after the operation (ICU or PACU), the time of extu-
bation after transfer, arterial blood gas data (pH, pOz, pCOz, lactate)
taken one hour after extubation, any postoperative complications
developed (nausea-vomiting, peripheral nerve damage, vision loss,
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subcutaneous emphysema, compartment syndrome, infection,
anastomotic leak, etc.), and discharge times were noted.

For statistical analysis, the descriptive statistics of the data used
mean, standard deviation, minimum, maximum, median, frequency,
and ratio values. Significance tests used include Student's T test for
the analysis of quantitative data, Paired samples T test for the anal-
ysis of repeated measures, and the Mann Whitney U test and Wil-
coxon Matched-Pairs test for the evaluation of categorical data.
Analyses were conducted using the IBM SPSS® 23.0 program. A
p<0.05 value was considered statistically significant.

The study included 131 patients with an average age of 62.9+6.5
years, average body weight of 83.2+10.3 kg, average height of
1.73+0.05 meters, and average Body Mass Index (BMI) of 27.7+3.2
kg/m2. The average duration of anesthesia was found to be
322.1+73.1 minutes and surgical time was 270.7+69.4 minutes (Ta-
ble 1).

HR, SBP, DBP, MAP, EtCOz, and SpO2 values were obtained for the
patients at the time of pre-induction of anesthesia (0th hour) and
each hour intraoperatively until the end of the operation. To statis-
tically evaluate the changes in the obtained data, 0t hour data were
compared separately with data from 1st, 2nd, 3rd, 4th 5th and 6th
hours (Table 2).

Atthe same time, arterial blood gas (ABG) data (pH, pOz, pCOz, and
lactate) were obtained during the intraoperative period of the pa-
tients. Again, ABG data were compared to the Oth hour at 1st, 2nd, 4th)
and 6t hours respectively (Table 3).

Demographic data of the patients

Age 62.916.5
Weight (kg) 83.2+10.3
Height (m) 1.73+0.05
BMI (kg/m2) 27.7+3.2
Anesthesia Duration (min) 32214731
Surgical Duration (min) 270.7469.4

Hypertension (61.2%)
Diabetes Mellitus (32.9%
Coronary Artery Disease (23.5%
Asthma/COPD (10.6%
(
(
(
(

)

Comorbidities (n:85) ;
Other (15.3%)
)

)

)

0,
American Society of Anesthesiologist :SS : |: gggé’
(ASA) Classification ASA I 11'50/2

COPD: Chronic obstructive pulmonary disease

Various data evaluated during the intraoperative and postopera-
tive periods of the patients are provided in Table 4. It was found that
none of the patients included in the study developed respiratory
insufficiency (pO2<60 mmHg or pC0O2>50 mmHg) after extubation.
It was also found that none of the patients had postoperative
peripheral nerve damage, vision loss or compartment syndrome,
which could potentially occur due to RARP, until discharge.

The average day of hospital discharge postoperatively for the pa-
tients was found to be 5.9+2.6 days. However, there are prolonged
hospital stays of 23 days for one patient due to a postoperative in-
fection, and 15 and 20 days for two patients due to postoperative
anastomotic leakage. Therefore, these patients were removed, and
the average day of discharge was recalculated and found to be
5.6£1.6 days.
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Hemodynamic and respiratory data and intraoperative changes

SBP p valuet DBP p valuel MAP p valuet
0t hour 144.7+19.9 90.2+13.4 108.2+14.7
1st_hour 120.0+16.0 *0.000 73.8+10.4 *0,000 89.3+11.5 *0.000
2nd hour 12112113 *0.000 75.5+9.2 *0,000 90.7+9.2 *0.000
3 hour 123.8+12.0 *0.000 76.7£10.7 *0,000 92.4+10.3 *0.000
4t hour 124.5+12.1 *0.000 77.5£10.5 *0,000 93.1+9.4 *0.000
5t hour 120.8+11.9 *0.000 76.619.3 *0,000 91.319.4 *0.000
6 hour 119.3+11.1 *0.000 76.1+8.9 *0,000 90.4+8.8 *0.000

HR p valuet Sp02 p valuel EtCO2 p valuel
0t hour 77.9+12.8 99.08+1.05 30.88+3.15
1st_hour 70.9£10.0 *0.000 99.06+1.03 0.719 31.70+3.15 *0.001
2nd hour 69.4+9.9 *0.000 99.08+1.20 1.000 32.1642.95 *0.000
31 hour 69.8+9.9 *0.000 99.19+1.03 0.204 31.834£3.23 *0.002
4t hour 70.3+10.3 *0.000 99.24+0.95 *0.044 31.52+3.20 0.064
5t hour 69.949.5 *0.000 99.29+1.04 *0.013 30.93+3.17 0.303
6 hour 70.0+10.3 *0.001 99.36+0.94 *0.021 29.90+3.12 0.185

*p<0.05, T Compared to basal value
ABG parameters and intraoperative changes

pH pT pO, pf pCO; pf Lactate pf
0t hour 7.45+0.03 181.5+69.6 33.1£3.6 1.24£0.43
1st hour 7.4340.05 *0.000 161.9+55.5 *0.000 36.5+4.9 *0.001 1.22+0.40 0.363
2nd hour 7.3940.05 *0.000 167.8+47.9 *0.020 37.1+4.9 *0.000 1.24+0.44 0.981
4t hour 7.38+0.05 *0.000 169.5+50.5 0.069 36.745.5 *0.000 1.2410.51 0.864
6 hour 7.39+0.06 *0.000 17214413 0.506 35.145.3 0.118 1.35+0.61 0.172

*p<0.05, T Compared to basal value

Intraoperative and postoperative data

Av. Intraoperative Fluids
Administered (ml)
Amount of Blood

eBalanced Crystalloid (3419+776.6)
oColloid [Gelatin Polysuccinate] (600+210.8)

: ; 2 Units
Transfusion (n:1)
Effect of Learning Process Patient no 1-66 Patient no 67-131 p Value
Anesthesia Dur. (min) 364.4+73.6 279.1+40.4 0.000*
Surgical Dur. (min) 311.8468.3 229+39.4 0.000*
Postoperative Condition Post-Anesthesia Care Unit (n:110)

Intensive Care Unit (n:21)

Av. Extubation Time (min) 104.7+38.4

eNausea-Vomiting (8.4%)
eAnastomotic Leakage (2.3%)
eSubcutaneous Emphysema (2.3%)

Complications

*p<0.05

The number of cases undergoing RARP is increasing every day
due to its superiority over open prostatectomy+5. The deep Trende-
lenburg position and pneumoperitoneum necessary for RARP to be
performed have various effects on organ systems and hemodynamic
systems2367, In our study, we found a statistically significant de-
crease in HR, SBP, DBP, and MAP parameters at all intraoperative
hours compared to the basal value in the comparison we made to
see the hemodynamic effects of the deep Trendelenburg position
and pneumoperitoneum. Two studies investigating the cardiac and
respiratory effects of RARP operations found that MAP increased
when Trendelenburg and pneumoperitoneum started, but began to
decrease over time and significantly dropped below the basal MAP
value?8. Danic et al.? found a statistically significant decrease in HR
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and MAP after Trendelenburg and pneumoperitoneum in their ret-
rospective study of 1500 cases related to anesthesia management in
RARP operations. MAP generally increases with the start of Trende-
lenburg and pneumoperitoneum, but decreases over time and can
drop below the basal value at the end of surgery. In our study, unlike
other studies, we believe that the likely reason for MAP values being
lower than the basal value at all compared time intervals is that
while other studies, being prospective, divided the time intervals
into moments like before Trendelenburg, the moment of Trendelen-
burg, 5 minutes after Trendelenburg, 15 minutes later, 60 minutes
later, our study was retrospective, so we were not able to access
these time intervals. Therefore, we compared the preoperative
value with the intraoperative 1st hour, 2nd hour, 3rd hour, and so
on. In our study, to observe the effects of the deep Trendelenburg
position and pneumoperitoneum on the respiratory system and gas
exchange, no statistically significant difference was found between
the patients' basal SpO2 values and the 1st hour, 2nd hour, and 3rd
hour SpO2 values. However, the SpOz values at the 4th, 5th, and 6t
hours were found to be statistically significantly higher than the ba-
sal Sp0:z value. Despite these statistically significant SpO2 elevations,
there has been no change in amounts that have clinical importance.
Lebowitz et al.10 found no statistically significant difference be-
tween the SpO2 values at preoperative and during the start and con-
tinuation of Trendelenburg in their study to examine gas exchange
in RARP operations. Similarly, Bozkirl et al.1? also found no statisti-
cally significant difference between SpO2 values. When EtCO2 values
were compared in our study, the 1st, 2nd, and 3rd hour intraoperative
EtCO2 values were statistically significantly higher than the basal
EtCO2 value, while no statistically significant difference was found
between the 4th, 5th, and 6th hour EtCO2 values and the basal EtCO2
value. Kadono et al.” showed that EtCO2 values statistically in-
creased with the addition of pneumoperitoneum and the Trendelen-
burg position and returned to basal values with desulfation, and
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they also found no correlation between the degree of Trendelenburg
and EtCOz values. Lestar et al.12, in a study examining the effects of
the Trendelenburg position in RARP cases, found that EtCO2 values
were statistically significantly higher than the basal value from the
beginning of pneumoperitoneum to the end of the operation, de-
spite the absence of acid-base anomaly and stable pCO2 values. In
our study, similar to EtCO2 values, patients' 1st, 2nd, and 4th hour
intraoperative pCO2 values were found to be statistically signifi-
cantly higher than the basal pCO2z value. The 6th hour pCO:z value
was higher than the basal pCO2 value, but no statistically significant
elevation was found. As expected, with the increase in pCO2 values,
the patient's intraoperative pH values at all hours were found to be
statistically significantly lower than the basal pH value. In addition,
it was also seen that no patient developed a serious acid-base bal-
ance disorder. Only the decrease in pOz values at the 1st and 2nd
hours intraoperatively were found to be statistically significant. Le-
bowitz et al.19, in a study to examine gas exchange in RARP opera-
tions, reported that with pneumoperitoneum and the Trendelen-
burg position, pO2 values significantly decreased, pCO2 values sig-
nificantly increased, and the decrease in pO2z value could be due to
ventilation/perfusion mismatch and possibly interstitial pulmonary
edema. They also reported that none of their patients developed hy-
poxemia or clinically/radiologically evident atelectasis. In our
study, we found that an average of 3419+776.6 ml of crystalloid
fluid was given to patients during the intraoperative period. Pie-
gelar et al.13, in a study examining the outcomes of fluid manage-
ment in patients undergoing RARP surgery, reported similar results
to ours, stating they used an average of 3600 ml of fluid intraopera-
tively. They also found that the risk of anastomotic leakage in-
creased as the amount of fluid used increased, and that the amount
of bleeding was independent of the type of crystalloid or colloid
used. Ono et al.14, in an observational study of patients undergoing
RARP surgery, reported that an average of 2750 ml of fluid was
given during the intraoperative period. Ozgen etal.5, in a study con-
ducted on patients undergoing RARP procedure, similarly to our
study, found that there was no statistically significant change in lac-
tate at any time during surgery. Oksar et al.1é, in a prospective study
on RARP patients, divided their patients into two groups as pH<7.35
and pH>7.35 and found no significant change in terms of lactate be-
tween the two groups. Similarly, in our study, in parallel with the
findings in the literature, it was found that there was no significant
lactate elevation at any time period.

When we divided the patients included in our study into two groups
considering surgical experience, we found that in the initial surger-
ies where experience was low, both anesthesia time and surgical du-
ration were statistically significantly longer. In three separate stud-
ies related to the learning process in RARP procedure conducted by
Raman, Ou, Pouget et al.17-19, it was observed that as the surgeon's
experience increased, the operation time significantly shortened.
The most important factor affecting surgical time is the surgeon's
experience.6 These times may vary depending on the experience of
the operation team.131420 [n the postoperative period, only 16 of our
patients (12.2%) developed complications related to anesthesia or
surgery. The most common complications were nausea - vomiting,
followed by vesicoureteral anastomotic leakage and subcutaneous
emphysema. Danic et al.%, in their study on patients who underwent
RARP operation, reported that the most common postoperative
complications were nausea-vomiting and abdominal distention. Pie-
gelar et al.13 found postoperative nausea - vomiting at a low inci-
dence (1.1%) after the RARP procedure. In addition, Raman et al.?,
in their study on patients undergoing RARP operation, reported that
complications developed in 4 patients, which were ileus, small
bowel obstruction, and ureteral stricture. In our study, we observed
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that our patients were discharged on average 5.6+1.6 days postop-
eratively. In most of the literature, the average discharge day after
RARP is seen to be between 1-2. 917.21.22 |n contrast, Pradere et al.13
found the average discharge day after RARP to be 3.9 days; Piegelar,
Mortevazi et al.2023 found the average discharge day after RARP to
be 8 days. There seems to be significant differences between centers
in terms of discharge days. This difference is thought to be due to
being discharged with or after the removal of the Foley catheter. It
was observed that all the patients in our study were discharged after
the Foley catheter was removed.

As seen in our study, RARP procedures are usually performed in
older patients and in those with comorbidities. Our study showed
that in anesthesia management of patients undergoing RARP, it is
necessary to know and carefully manage the physiological effects of
the steep Trendelenburg position and pneumoperitoneum on organ
systems. Prospective studies are needed to identify the
hemodynamic, respiratory or other physiological changes that may
be encountered in the anesthesia management of robotic surgical
procedures and to identify potential complications.

This study was conducted in accordance with the ethical princi-
ples of the Declaration of Helsinki and was approved by Akdeniz
University Faculty of Medicine Ethics Committee. (2018--
70904504) Thesis number: 539125-2018
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