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ABSTRACT 

 

Purpose: To assess the feasibility and 

postoperative outcomes in patients 

undergoing robot-assisted laparoscopic 

radical prostatectomy (RALP) with 

pressure-controlled ventilation mode. 
 

Methods: 200 ASA physical status I, II, 

and III men underwent RALP was 

searched retrospectively. Demographic 

data, intraoperative hemodynamic and 

respiratory parameters and fluid and blood 

products, intraoperative and postoperative 

analgesic consumption were all recorded. 

Additional data included postoperative 

transfusion need; pre and postoperative 

hematocrit, platelet count, creatinine 

levels and length of hospital stay. 
 

Results: Mean age of the patients 

undergoing RALP was 62 years; mean 

body mass index was 28.2 kg m-2. The 

mean anesthesia time was 3.42 hours and 

mean blood loss was 222 ml. 
Postoperative anemia (hemoglobin ˂10 g/ 

dL) requiring blood transfusions was seen 

in 4.1% of the patients. One patient 

required postoperative mechanical 

ventilation because of laryngeal edema 

secondary to multiple intubation attempts. 
 

Conclusions: RALP was associated with 

low estimated blood loss (EBL), few blood 

transfusions, PACU and short hospital 

stays. 
 

Key Words: Robotic surgery; Steep 

Trendelenburg;Pressure-controlled- 

ventilation; Prostate cancer. 
 

ÖZET 
 

Amaç: Robot yardımlı laparoskopik radikal 

prostatektomi operasyonları sırasında 

uygulanan basınç kontrollü modun 

uygunluğunun ve postoperatif sonuçlarının 

değerlendirilmesi. 
 

Method: Robot yardımlı laparoskopik 

radikal prostatektomi operasyonu geçiren 

ASA I-III grubu 200 hasta retrospektif 

olarak değerlendirildi. Hastaların 

demografik verileri, intraoperatif- 
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hemodinamik ve respiratuvar- 

parametreleri, peroperatif analjezik 

tüketimi incelendi. Ayrıca hastaların 

peroperatif hematokrit düzeyleri, platelet 

sayıları, kreatinin seviyesi ve transfüzyon 

ihtiyacına bakıldı. 
 

Bulgular:  Ortalama hasta yaşı 62 yıl, 

vücut kitle indeksi 28.2 kg m-2, anestezi 

süresi 3.42 saat, kan kaybı 222 ml 

bulundu. Hastaların % 4.1’inde kan 

transfüzyonu gerektiren postoperatif 

anemi (hemoglobin< 10 g/dl) görüldü.  

Çok sayıda entübasyon girişimi sonucu 

gelişen larenks ödemi nedeniyle  bir  

hastada postoperatif mekanik ventilasyon 

ihtiyacı oluştu. 
 

Sonuç: Robot yardımlı laparoskopik 

radikal prostatektomi daha az kan kaybı, 

transfüzyon ihtiyacı, anestezi sonrası 

bakım ünitesi ve hastanede kalış süresi ile 

ilişkilidir. 
 

Anahtar kelimeler: Robotik cerrahi; Aşırı 

Trendelenburg; Basınç-kontrollü 

ventilasyon;  Prostate kanseri. 

 

INTRODUCTION 

 

   Prostate cancer is the sixth most 

common cancer in the world, and a 

frequent cause of deaths related to cancer 

(1). Widespread screening with prostate 

spesific antigen (PSA) has led to detection 

of prostate cancer when the tumor is 

localized and therefore potentially curable 

(2). Radical prostatectomy (RP) is an 

effective option for localized prostate 

cancer  and robotic-assisted radical 

prostatectomy is the newest and most 

technically advanced method. RALP, which 

increased from 1% in 2001 to almost 70% 

is the most frequently performed robotic 

surgical procedure world wide (3,4). RALP 

has the advantages of decreased blood 

loss, transfusion rates, shorter hospital 

stay and improved functional status have 

been reported (5). However, RALP 

presents many problems associated with 

pneumoperitoneum in combination with 

steep Trendelenburg position. Although 

much has been written about the surgical 

outcomes of RALP, little data exist 

regarding the perioperative anesthetic 

management of these cases.  
 

   In this study, we performed a 

retrospective database review of patients 

who presented at our hospital for RALP, 

beginning from December 2008 to 

February 2012. The goal of the study was 

to present perioperative  anesthetic 

management and outcomes of patients 

undergoing RALP. 

 
METHODS 

   Following the hospital instutional review 

board approval (Date: 21.03.2012; 

chairperson: Ahmet Göçmen, MD.), the 

perioperative database of patients who 

underwent RALP from 11/2008 until 

2/2012 was searched retrospectively. We 

collected information about patient 

demographics, intraoperative fluid 

management, hemodynamic parameters, 

respiratory parameters, pain scores and 

rescue anti-emetic need in the 

postanesthesia care unit (PACU), 

intraoperative and postoperative analgesic 

consumption, and intraoperative use of 

vasopressors and antihypertensives. 

Postoperative transfusion need were 

reported. Urologic data on the pre and 

postoperative clinical status of each 

patient’s were retrieved from the Division 

of Urology database. The laboratory 

parameters (hematocrit (Hct), platelet 

count, and serum creatinine) and the 

length of hospital stay of each patient 

were noted. Prostate-specific antigen 

(PSA) levels and Gleason sums were 

retrived along with the pathologic Gleason 

sum and pathologic extracapsular and 

seminal vesicle invasion percentages, and 

prostate weight.  
 

   The diet was restricted to clear liquids 

one day before the surgery, and a fleet 

enema, oral ranitidine, and low molecular 

weight heparin was administered the 

evening before surgery. A standardized 

protocol was used for anesthesia. 

Members of a team of two anesthetists 

and two surgeons provided care to all the 

patients. No premedication was given. In 
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the operating room, standart monitoring 

devices (EEG, non-invasive arterial 

pressure, pulse oximetry, BIS, anesthetic 

gas, and CO2 analyser) were applied and 

anesthesia was induced intravenously with 

remifentanil 0,5 μg kg-1, propofol 2-2,5  

mg kg-1, and rocuronium 0,6 mg kg-1. 

After intubation, anesthesia was 

maintained with desflurane 4-6% (end-

tidal concentration), remifentanil 0.1-0.3 

μg kg-1 min-1, and adjusted to keep BIS 

value between 45 and 55. Rocuronium 

administration was repeated as needed for 

muscle relaxation. Ventilation was 

performed using pressure-controlled mode 

(Primus, DraegerTM, Luebeck, Germany). 

During anesthesia, pressure control was 

adjusted to achieve tidal volume at 8 ml 

kg-1 of ideal body weight [i.e. 

50+0,91×(height in cm-152,4)] and a 

positive end-expiratory pressure of 5 

cmH2O (6). The inspiratory:expiratory 

ratio was 1:1.7. Respiratory rate was 

adjusted to maintain the end-tidal CO2 30-

35 mm Hg and plateu pressure was kept 

as low as possible with upper limit of 35 

cm H2O. No recruitment manoeuvers were 

performed after tracheal intubation.  
 

   A 20-gauge radial artery catheter was 

inserted to left radial artery for blood 

sampling and pressure monitoring. RALP 

may be associated with hypothermia due 

to prolonged pneumoperitoneum with dry, 

cold gases. To maintain normothermia, a 

heating blanket (Bair Hugger 505, 

Augustine Medical, Eden Prairie, MN) was 

used. For reducing the risk of deep vein 

thrombosis, our pratice was to apply 

sequential compression stockings to the 

calves.  
 

   All patients received a continuous 

infusion application of colloid infusion 

(Voluven 130/0.46 %; Fresenius Kabi AG, 

Bad Homburg, Germany) with rate of 2-3 

ml kg-1 h-1 intraoperatively. Additionally, a 

bolus of 500-1000 ml crystalloid was 

given in PACU. 
 

   In this procedure the patients were 

placed on an egg crate mattress that was 

attached to the bed with lower extremities 

in padded lithotomy stirrups. Shoulder 

braces covered with gel foam pads are 

used as additional safety devices for 

preventing injury to the brachial plexus 

and ulnar nerve. The patient’s legs were 

placed in urological leg-holders and the 

thighs abduced sufficiently. Carbondioxide 

pneumoperitoneum was induced with 

15±5 mmHg  of intraabdominal pressure 

using the da Vinci Robot Surgical System 

(Intuitive Surgical, Sunnyvale, CA, USA), 

and then 40° Trendelenburg position was 

established. Intraperitoneal pressure was 

adjusted by the surgeon as needed. 
 

   Postoperative analgesia was initiated 

intravenously with 1 g paracetamol 

(Perfalgan®; Bristol-Myers Squibb, 

Istanbul, Turkey), 0.05 mg kg-1 morphine  

(morphine ampoule, Osel, Istanbul, 

Turkey) and 1 mg kg-1  tramadol 

(100mg/mL; Contramal ampoule, Abdi 

Ibrahim, Istanbul, Turkey) 30 min before 

the end of surgery. The PCA device ( 

continuous infusion was given at 10 

mg/hr, the bolus dose 20 mg and the 

lockout time was 20 min) was inserted 

immediately after the patients were 

transferred to the postanesthesia recovery 

room and extubation. 1 g of paracetamol 

was administered intravenously over 15 

minutes every 6 hours. Rescue analgesia 

with 75mg diclofenac sodium 

intramuscularly was allowed if the patient 

could not obtain adequate pain relief from 

the PCA regimen. 

 

STATISTICAL ANALYSIS 

 

   The data are expressed as mean 

(standart deviation), median with range, 

or numbers with percentage unless 

otherwise indicated. Student’s t test was 

used for comprasion of the parameters. All 
results with p ˂ 0.05 were considered 

statistically significant. 

 

RESULTS 

 

   Data from 200 patients who underwent 

RALP was obtained from the perioperative 

database. After exclusion of data from 

patients who underwent additional 
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procedures other than pelvic 

lymphadenectomies (n=5), who recived 

an epidural (n=5), or who ventilated by 

volume controlled ventilation (n=20), 170 

patients remained and were included in 

the study.  Patient demographics and 

tumor characteristics are summarized in 

Table-1.  

 
Table-1: Patient demographics and tumor 

characteristics. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Data are means ± Standard deviation or numbers  

(%). 

 

ASA= American Society of Anesthesiologists phisical 
status score, BMI =Body mass index. 
 

RALP=robot-assisted laparoscopic prostatectomy, 
PSA=prostate-spesific antigen.  

 

The mean age was 62±6.5 years and 

mean BMI was 28±3.3 kg m-2. 
 

   Intraoperative data are summarized in 

Table-2.  

 
Table-2: Operative data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Data are means ± Standard deviation or numbers 
(%). 

 

EBL=estimated blood loss, RBC=red blood cell. 

 
No RALP patients received red blood cell, 

fresh frozen plasma or platelet transfusion 

intraoperatively. No ECG abnormalities or 

severe arrhythmias were recorded during 

the operation period. Total operative blood 

loss was less than 300 ml in all the 

patients.  
 

   Respiratory and hemodynamic variables 

at each time point are shown in Table-3.  

 
Table-3: Changes in respiratory and hemodynamic 
variables. 
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Data are means ± Standard deviation. 

 

P-values ˂ 0.05 were considered significant.  

 

HR=heart rate, MAP=mean arterial pressure, 
SpO2=oxgen saturation as recorded by pulse 
oximetry, EtCO2=ent-tidal carbon dioxide as 
recorded by capnography, RR=respiratory rate,  

 

AaDo2 = the alveolar-arterial difference in oxygen 
tension. 
 

T1= before insufflation, T2=60 min after insufflation, 
T3=120 min after insufflation 

 

 Hemodynamic data monitored 

continuously was recorded measured 5 

minutes after intubation; and 60 and 120 

minutes after abdominal insufflation in all 

the patients. The arterial oxygen 

saturation was found to be stable 

throughout the procedure with a mean 

SpO2 of  99 %.  Heart rate and mean 

arterial pressure (MAP) values of all the 

patient were within the physiological 

range. EtCO2, respiratory rate, peak 

airway pressure, plateu pressure, minute 

volume showed a stastistically significant 

increase at 60 min and 120 min after 

steep Trendelenburg position and 

capnoperitoneum compared to supine 

position. 
 

   In our case series, 22 patients was 

given ephedrine due to lowered systemic 

vascular resistance induced by balanced 

general anesthesia. Moreover, 

norepinefrine infusion was necessary in 

two patients. 27 patients was needed 

nitroglycerine infusion for severe 

hypertension. 
 

   Postoperative patient data are 

summarized in Table-4.  

 
Table-4:Postoperative patient data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data are means ± Standard deviation or numbers 
(%). 

 

PACU=Postanesthesia Care Unit, RBC=red blood 
cells, FFP=fresh frozen plasma. 
 

The mean tramadol consumption was 

389,31±59,36 mg and diclofenac sodium 

was given to 14 patients in the PACU and 

35 patients in the ward as a rescue 

analgesic. RBC transfusion was required in 

7 patients during the immediate 

postoperative period as hemoglobin level 

were less than 9 g dl-1. Mean creatinine 

levels of the patients increased 

postoperatively compared to baseline, but 

 

 

Tl T2 

HR ~pm) i5=12 i2:IO 

~{~P(mmHg) 8) =18 84=11 

SpO:ro) 99,8=0,4 99,6=0,6 

EtCO: (mmHg) JO =1,J JJ =2,9* 

RR ~mths min) 8=0 9,8=1,i* 

P1ak amray plllillll 14=4 11=4* 

(anH:O) 

Plamu p111sur1 (anH:O) 12=4 19=4* 

~finut1 rohim1 ~) 4,5=0,4 5,4=0,9* 

Tl p 

4=!0 0,6 

82=8 0,2 

99.)=0,4 0,1 

Jl=l,J* 0,001* 

10.)=1,l' 0,0011 

l2=l.6* 0,001* 

19=4* 0,001* 

6=11 0,0011 

~liti::l';!ll pii: l,¢<t .:RS) I lz l.6 

).h,ai:::,:::ipiitl,¢<t .:RS) 1.Szl.S 

7e:::;>!<1!'.:!t (Ctlci•.:.i) 

L!::rJ:. ~= ltl';-' \!lli?:1) 

C,;1:J!loit ("'1) 

C:!l!ititt (:::; a) 

P!*?-J.Iit.·t 

Pc1:o,:,.,,:i,·t 

Ht:::oyobit u, a ··) 

P!'*?-i:i\'! 

Pc1:07-1:in 

"~J+-iY.*? ~o pc1:o;, 

H~~ t .~\"l·.::.t) 

P!'*7-r:h·t 

Poi:~n 

<2od:J::,t-7,~j) :o pol:O;> 

Pli:il!U (-' 1c· p!sa!til L) 

P!~;>!!1li\'t 

Po1:o,:,.,,:h·t 

•o:l:Jq .. ,"to? !O pol!O? 

ll ,O.i) 

- (>. I) 

• (1.3) 

0 

0.9"-0.l 

t: J;z l 3 

l~Jsl.l 

.lJ.>,t5 

J6.!z l .• 

·l•.:.06.S 



Yeditepe Medical Journal 2012;6(24): 559-566 Haliloglu M. et al 

 

564 

 

these changes were within the normal 

range. The mean hospital stay was 65±26 

hours, except for 3 patients. Two of them 

had an anastomotic leak ( 25 days) an 

one of them had abdominal abcess (24 

days).  
 

   All the patients were extubated in the 

operation room except for one patient who 

had laryngeal edema due to multiple 

intubation attempts.  

 

DISCUSSION  

 

   RALP is a frequently performed robotic 

surgical procedure world wide and offers 

advantages over conventional surgery 

such as sparing nerves, shorter hospital 

stay, reduced blood loss, and less 

postoperative pain (7,8,9). Compared to 

retropubic RP, minimally invasive RP was 

significantly associated with shorter 

hospital stays (2.0 versus 3.0 days), less 

blood transfusions (2.7 versus 20.8 

percent), fewer respiratory complications 

(4.3 versus 6.6 percent), and fewer 

anastomotic strictures (5.8 versus 14.0) 

(10). 
 

   RALP is performed with a 

pneumoperitoneum and prolonged 

maximum Trendelenburg position which 

may have adverse physiologic effects. 

Both the steep Trendelenburg position and 

pneumoperitoneum influence the 

respiratory system, increasing arterial CO2  

and increasing peak inspiratory pressures 

during mechanical ventilation (11). 

Pulmonary compliance and functional 

residual capacity are reduced and the 

lungs are predisposed to compression 

atelectasis and ventilation/perfusion 

mismatch, which can lead to hypoxia (12). 

Our analyses revealed only 9 patients 

having one transient (less than 5 minutes) 

documented episode of hypoxemia.  
 

   Pressure-controlled ventilation (PCV) 

has been proposed as an alternative to 

volume-controlled ventilation (VCV) in ICU 

patients with adult respiratory distress 

syndrome, and in obese patients to 

achieve adequate oxygenation and 

normocapnia (13,14,15). The 

characteristics of PCV, which are faster 

volume delivery, different gas distribution, 

high and decelerating inspiratory flow, 

may compansate for any potential 

reduction in ventilation caused by 

pressure limitation (16). Also, the 

limitation of pressure levels has positive 

effects on patient’s hemodynamic and 

might even reduce the risk of barotrauma 

(13). In patients undergoing general 

anesthesia, the use of PEEP prevents 

alveolar atelectasis and cyclical 

recruitment, improving lung compliance 

and correcting ventilation perfusion 

abnormalities (17). However, there is no 

concensus for the ideal level of PEEP 

during laparoscopic surgery (18). Due to 

these theoretical advantages, and our 

clinical experience, we prefered pressure-

controlled ventilation and routinely used 

PEEP (5 cmH2O) in RALP operations.  
 

   The steep trendelenburg position can 

stress the right ventricle and increase 

myocardial work and cardiac output, 

although the hemodynamic changes are 

often not significant or are transient 

(19,20). 
 

   The blood loss and lower transfusion 

requirements in the RALP patients in our 

cases were similar to earlier data (12). 

This might be due to more accurate 

hemostatic control as a result of the 

magnified three-dimensional view with the 

robot (21). 
 

   In RALP blood loss is minimal, but fluid 

requirements are large. There is a certain 

amount of third space formation, because 

of the peritoneal cavity invaded and 

insufflated with dry gas. Moreover 

intraoperative fluid should be given 

sparingly to reduce facial and airway 

edema and urine production, which 

obscures the operation field during 

bladder neck and urethrovesical 

anastomoses (22). For this reason, we 

gave a continuous infusion application of 

HES at a rate of 2-4 ml kg-1 h-1 

intraoperatively; additionally a bolus of 

500-1000 ml Lactated Ringer’s was given 
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in PACU. Fluid management was guided 

using the hemodynamic parameters. 
 

   Furthermore, swelling of the face, 

eyelids, conjunctiva, and tongue are 

common. Significant facial and laryngeal 

edema was seen in only one patient, 

which was self-limiting,in our case series 

without an evidence of brain edema.  
 

   Swelling of the soft tissues around the 

airway is a concern, and it has been 

recommended that removal of the 

endotracheal tube to be delayed in 

patients who have substantial swelling 

(23). Only one patient was not extubated 

immediately at the end of the surgery, 

due to laryngeal edema resulting from 

multiple laryngoscopic attempts and 

required transient post-operative 

mechanical ventilation. Subcutaneous 

emphysema occurs frequently, especially 

in the perineal area in  and related to the 

total amount of CO2 insufflation (24). 
 

   With insufflation pressures higher than 

15 mmHg, urine output and glomerular 

filtration rate may be impaired,  but it 

does not  affect postoperative renal 

function  and frequently recovers without 

any histologic changes (25,26,27,28). In 

our cases an increase in creatinine levels 

compared to bas eline was seen 

postoperatively, but  it was in the normal 

limits. 
 

   Brachial plexus injuries due to use of 

shoulder braces, and also injuries to the 

sciatic nerve, obturator nerve, peroneal 

nerve and lateral cutaneous nerve have all 

been founded to be associated with robot 

assisted procedures (29,30). No 

peripheral nerve injuries were recorded.  
 

   One of the benefits of laparoscopic 

techniques is the reduction of 

postoperative pain, but the patients 

undergoing RALP still require opioid 

analgesia (31). The postoperative care 

plan for RALP at our clinic included a 

multimodal pain regimen with 

paracetamol, tramadol and diclofenac.  
 

   Some limitations of this study are 

inherent to its retrospective nature, 

because the accuracy of the data entries 

made by the health care providers. 

Moreover, the overall results become less 

influenced by occasional errors, because 

of the study’s size. Another limitation is 

that we did not have record of 

postoperative oxygenation and respiratory 

function.  
 

   In conculusion, we have presented our 

anesthesia experience of RALP in our 

clinic. RALP is the the most frequent 

adaptation of robotic-assisted surgery and 

offers promising initial results. Although 

having some anesthetic challenges during 

the surgical period such as high airway 

pressures, and increased fluid and 

vasopressor requirement, in our study the 

patients had low EBL, and blood 

transfusions. In the PACU, RALP patients 

also had relatively low opioid consumption 

and rescue antiemetics. Notably, they had 

short length of hospital stay. 
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