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INTRODUcTION

Radical prostatectomy (RP) is a standard 
surgical treatment for clinically localized prostate 
cancer (1). Although robot-assisted laparoscopic 
radical prostatectomy (RALP) is increasingly com-
mon today, open retropubic radical prostatectomy 
(RRP) is still widely used. Because RALP does not 

exist in many centers. RALP is a minimally inva-
sive method with high optical quality. RALP has 
fewer bleeding, fewer blood transfusions, less hos-
pitalization, and excellent cosmetic results than 
RRP but oncological and functional outcomes are 
similar to RRP (2-5). Besides, the duration of the 
operation is longer in RALP. Longer operation time 
in RALP results in adverse physiological changes 
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ABSTRAcT 

Purpose: To investigate the effect of robot assisted laparoscopic radical prosta-
tectomy (RALP) and open retropubic radical prostatectomy (RRP) on early renal 
function in this study.
Materials and Methods: Preoperative and postoperative urea, creatinine, Hb, eGFR 
values of patients who had undergone RALP and RRP with prostate cancer (PCa) 
diagnosis were recorded in our clinic. The percentages of change in these values are 
calculated. Preoperative and postoperative urea, creatinine, Hb and eGFR changes 
were compared with each other. Student-t test was used for intergroup comparison, 
and paired sample t test was used to compare changes between preoperative and 
postoperative values of the same group.
Results: There were 160 and 93 patients in the RALP and RRP group, respectively. 
In the RALP group, postoperative urea and creatinine increased signifi cantly com-
pared to preoperative baseline values while eGFR was decreased (p = 0.0001, p = 
0.001, p = 0.0001, respectively). Except for Hb in the RRP group, the changes in 
these values were statistically insignifi cant (p = 0.50, p = 0.75, p = 0.30, respec-
tively).
Conclusions: We should be more careful when we perform RALP in patients at risk 
of impaired renal function despite being a minimally invasive surgical method with 
superior visual characteristics.
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that are caused by the pneumoperitoneum and deep 
trandelenburg position. Renal blood flow and glo-
merular filtration rate (GFR) may be decreased by 
increased intraabdominal pressure (6-8).

	Although there are many articles in the li-
terature that compare the oncologic and functional 
outcomes of RRP and RALP, there is only one study 
comparing their effects on kidney function accor-
ding to our knowledge. Interestingly, in this study, 
RRP has been shown to have more negative effects 
on renal function (9). We aimed to evaluate the 
effect of RRP and RALP on early renal function in 
our patient series in order to contribute to this gap 
in the literature.

MATERIALS AND METHODS

	We retrospectively reviewed the data of 
patients who had undergone RALP and RRP with 
prostate cancer diagnosis between January 2010 
and June 2014 in our clinic after the local ethics 
committee approval (6.12.2017 / 299). All patients 
underwent RALP under general anesthesia. A Ve-
ress needle was inserted at the periumbilical posi-
tion, pneumoperitoneum was established initially at 
20 mmHg for adequate port positioning, and then 
lowered to 12-15 mmHg. Patients with end - stage 
renal insufficiency, and > ASA III score were exclu-
ded from the study.

	Age, preoperative urea, creatinine, hemo-
globin (Hb) and estimated glomerular filtration 
rate (eGFR) values of all patients were recorded. In 
addition, urea, creatinine, Hb, eGFR values of all 
patients at postoperative 12 hours were also recor-
ded. Urea change percentages, creatinine change 
percentages, and eGFR change percentages were 
calculated in the postoperative period ([Last value - 
initial value] / initial value x 100). The time of the 
operations were also recorded. The operation time 
was defined as the time between first incision and 
the end of the operation.

	eGFR was calculated using the 4-variable 
(age, sex, race, and serum creatinine) Modification 
of Diet in renal Disease Study equation: eGFR = 186 
x serum creatinine x age x [0.742 if female] x [1.210 
if African - American] (10).

	Primary endpoint of this study was the 
comparison of the change percentage of eGFR. In 

addition, it was evaluated that whether acute kidney 
injury (AKI) developed in both groups according to 
KDIGO criteria. AKI was assessed as a postoperative 
increase in creatinine level of 0.3 mg/dL or greater 
within 48 hours (11).

	The data analyses were performed with 
PASW 18 (SPSS / IBM, Chicago, IL, USA) softwa-
re. Kolmogorov - Smirnov and P-P Plot tests were 
used to verify the normality of the distribution of 
continuous variables. The results were reported 
as mean ± SD, or in situations in which the dis-
tributions were skewed, as the median (minimum 
- maximum). Categorical variables were given as 
percentages. All statistical tests were two - tailed. 
Student-t test was used for the intergroup analysis 
of continuous variables. Categorical variables were 
analyzed with Chi square test. The difference be-
tween preoperative and postoperative values was 
assessed by paired samples t test. p < 0.05 was con-
sidered as statistically significant.

RESULTS

	Two hundred fifty three patients who met 
the study criteria were included in the study. 160 
patients underwent RALP (Group-1) and 93 patients 
underwent RRP (Group-2). The mean age was 62.3 ± 
6.4 in group 1 and 64.9 ± 5.4 in group 2 (p = 0.001).

	Preoperative and postoperative age, urea, 
creatinine, hemoglobin, eGFR values, urea, creatini-
ne, eGFR change rates, operative time and statistical 
comparisons of both groups are summarized in Ta-
ble 1 and 2. When the two groups were compared, 
the percentages of eGFR changes were statistically 
significant (p = 0.009).

	Changes in preoperative and postopera-
tive urea, creatinine, Hb and eGFR values in the 
RALP group were statistically significant. (p values: 
0.0001, 0.001, 0.0001, 0.0001 respectively). In the 
RRP group, the changes in preoperative and pos-
toperative values other than Hb were statistically 
insignificant. (p values: 0.5, 0.75, 0.0001 and 0.3 
respectively) (Table-3).

	While AKI was detected in 10 of 160 pa-
tients (6.4%) in Group-1, AKI was detected in 6 of 96 
patients (6.5%) in Group-2 (p = 0.99). The changes 
in eGFR and creatine are shown in Figure-1, and the 
incidence of patients with AKI is seen in Figure-2.
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Table 1 - Age, preoperative and postoperative data between the RALP and RRP patients.

Group 1 Group 2 P value

Age 62.3 ± 6.4 64.9 ± 5.4 0.001*

Preop Urea (mg/dL) 16.1 ± 5.4 36.9 ± 11.4 0.0001*

Postop Urea (mg/dL) 13.5 ± 5.8 37.8 ± 11.8 0.0001*

Preop Creatinine (mg/dL) 0.94 ± 0.34 1.09 ± 0.20 0.0001*

Postop Creatinine (mg/dL) 1 ± 0.42 1.08 ± 0.22 0.52

Preop eGFR, mL/min/1.73 m² 93.1 ± 23 74.7 ± 15.1 0.0001*

Postop eGFR, mL/min/1.73 m² 88.6 ± 25.7 76.3 ± 19.7 0.0001*

Preop Hemoglobin (g/dL) 14.5 ± 1.2 14.6 ± 1.4 0.59

Postop Hemoglobin (g/dL) 12.1 ± 1.3 11.6 ± 1.5 0.008*

Operation time (minute) 166.9 ± 47.4 149.5 ± 21 0.0001*

* = Statistically significant

Table 2 - The percentage changes of Urea, creatinine, eGFR before and after surgery.

Group 1 Group 2 P value

∆ eGFR -3.7 ± 19.8 3.07 ± 19.8 0.009*

∆ Urea -13.5  ± 25.5 7.3 ± 39.4 0.0001*

∆ Creatinine 6.19 ± 19.7 0.32 ± 17.3 0.018*

∆ Hemoglobin -16.5 ± 8.4 -20.6 ± 9.3 0.0001*

∆ = Percentage change, * = Statistically significant; eGFR = Estimated glomerular filtration rate, (mL/min/1.73 m²)

Table 3 - Intragroup comparison of eGFR, urea, creatinine levels and hemoglobin between preoperative and postoperative 
early periods (paired samples t-test).

Group 1 (n=160) p Group 2 (n=93) p

Preoperative Postoperative Preoperative Postoperative

eGFR,
(mL/min/1.73 m²)

93.1 ± 23 88.6 ± 25.7 0.0001* 74.7 ± 15.1 76.3 ± 19.7 0.30

Urea, (mg/dL) 16.1 ± 5.4 13.5 ± 5.8 0.0001* 36.9 ± 11.4 37.8 ± 11.8 0.50

Creatinine,
(mg/dL)

0.94 ± 0.34 1 ± 0.42 0.001* 1.09 ± 0.20 1.08 ± 0.22 0.75

Hemoglobin,
(g/dL)

14.5 ± 1.2 12.1 ± 1.3 0.0001* 14.6 ± 1.4 11.6 ± 1.5 0.0001*

* = Statistically significant
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Figure 1 - changes in eGFR and creatinine in both groups.

Figure 2 - Incidence of patients with AKI in both groups.

DIScUSSION

 Robot-assisted laparoscopic radical pros-
tatectomy has been increasingly performed as a 
minimally invasive surgical option with impro-
ved outcome compared with open or laparoscopic 
methods (12). Although RALP provides a superior 
point of view, pneumoperitoneum and trandelen-
burg position decrease renal blood fl ow and uri-
ne output by increasing intraabdominal pressure 
(6, 7, 13). There are many studies in the literature 
showing that the oncologic and functional outco-
mes of RALP and RRP are similar (2-5). However, 
to our knowledge, there is only one study compa-
ring the effect of RALP and RRP on renal function. 
In this study, the authors compared a total of 307 
patients (after propensity score matching) under-
going RALP and RRP and found that AKI was sta-
tistically higher in RRP group (5.5% vs. 10.4%, p 

= 0.044, respectively). The authors attributed this 
result to a higher blood loss during RRP and an 
increased risk of oxidative stress resulting from 
decreased renal blood fl ow. They also said that the 
blood transfusion given during RRP may be rela-
ted with higher incidence of AKI (9). In this study, 
the authors did not compare early renal function 
but only the cases that developed AKI. In our stu-
dy, AKI rates were similar in both groups.

 In another study, signifi cant changes were 
observed on postoperative 1, 3, and 7 days after 
robot - assisted laparoscopic radical prostatectomy 
and postoperative renal functions were found to 
be similar to baseline values at 30 days. The au-
thors have said that RALP does not lead to long 
- term postoperative renal dysfunction. However, 
in this study only RLAP patients were included in 
the study, so no comparison was made with the 
RRP method (14).
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	In our study, we evaluated the effect of 
RALP and RRP on early renal function. Changes in 
eGFR, urea and creatinine levels in our study were 
significant in the RALP group but not in the RRP 
group. The changes in Hb levels were significantly 
decreased in both groups, while more blood loss 
was detected in the RRP group. When we looked 
at the percentages of change between the groups, 
the changes between the two groups were statisti-
cally significant. In the RALP group, in addition to 
the pneumoperitoneum, a more prominent trande-
lenburg position is required. These two conditions 
result in a more pronounced increase in central 
venous pressure and a more pronounced decrease 
in renal blood flow (6, 15-17).

	It can be perceived as bias that in our stu-
dy, preoperative age, urea, creatinine and eGFR 
values were different in both groups. However, 
although these values were better in the RALP 
group, they significantly changed when compared 
to the RRP group. This change is an indication of 
the effect of pneumoperitoneum and renal blood 
flow reduction on renal function during RALP.

	Its retrospective nature and the lack of 
long - term follow-up of renal function are limiti-
tations of our study. However, it is one of the few 
studies evaluating the effect of RALP and RRP on 
early renal function.

CONCLUSIONS

	RALP is a minimally invasive surgical 
method that has been used increasingly widely, 
with superior visual characteristics. RRP is ano-
ther proven surgical method with good functional 
and oncologic outcomes in experienced hands. 
We should be more careful when we are going to 
make RALP in patients with especially those at 
risk of impaired renal function. Prospective ran-
domized studies with longer follow-up are needed 
to clarify this issue.

ABBREVIATIONS

AKI = Akut Kidney Injury
eGFR = Estimated Glomerular filtration rate
Hb = Hemoglobin
KDIGO = Kidney Disease Improving Global Outcomes

RRP = Open retropubic radical prostatectomy
PCa = Prostate cancer
RALP = Robot assisted radical prostatectomy

CONFLICT OF INTEREST

None declared.

 
REFERENCES

1.	 Heidenreich A, Bellmunt J, Bolla M, Joniau S, Mason M, 
Matveev V, et al. European Association of Urology. EAU 
guidelines on prostate cancer. Part 1: screening, diagnosis, 
and treatment of clinically localised disease. Eur Urol. 
2011;59:61-71.

2.	 Walsh PC. Anatomic radical prostatectomy: evolution of the 
surgical technique. J Urol. 1998;160(6 Pt 2):2418-24.

3.	 Ficarra V, Novara G, Rosen RC, Artibani W, Carroll PR, 
Costello A, et al. Systematic review and meta-analysis of 
studies reporting urinary continence recovery after robot-
assisted radical prostatectomy. Eur Urol. 2012;62:405-17.

4.	 Ficarra V, Novara G, Ahlering TE, Costello A, Eastham JA, 
Graefen M, et al. Systematic review and meta-analysis of 
studies reporting potency rates after robot-assisted radical 
prostatectomy. Eur Urol. 2012;62:418-30.

5.	 Novara G, Ficarra V, Mocellin S, Ahlering TE, Carroll PR, 
Graefen M, et al. Systematic review and meta-analysis of 
studies reporting oncologic outcome after robot-assisted 
radical prostatectomy. Eur Urol. 2012;62:382-404.

6.	 Bishara B, Karram T, Khatib S, Ramadan R, Schwartz H, 
Hoffman A, et al. Impact of pneumoperitoneum on renal 
perfusion and excretory function: beneficial effects of 
nitroglycerine. Surg Endosc. 2009;23:568-76.

7.	 Sassa N, Hattori R, Yamamoto T, Kato M, Komatsu T, 
Matsukawa Y, et al. Direct visualization of renal hemodynamics 
affected by carbon dioxide-induced pneumoperitoneum. 
Urology. 2009;73:311-5.

8.	 Hashikura Y, Kawasaki S, Munakata Y, Hashimoto S, Hayashi 
K, Makuuchi M. Effects of peritoneal insufflation on hepatic 
and renal blood flow. Surg Endosc. 1994;8:759-61.

9.	 Joo EY, Moon YJ, Yoon SH, Chin JH, Hwang JH, Kim YK. 
Comparison of Acute Kidney Injury After Robot-Assisted 
Laparoscopic Radical Prostatectomy Versus Retropubic 
Radical Prostatectomy: A Propensity Score Matching 
Analysis. Medicine (Baltimore). 2016;95:e2650.

10.	 Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth 
D. A more accurate method to estimate glomerular filtration 
rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group. Ann 
Intern Med. 1999;130:461-70.



ibju | Renal function after robot - assisted radical prostatectomy

88

11.	 Kellum JA, Lameire N; KDIGO AKI Guideline Work Group. 
Diagnosis, evaluation, and management of acute kidney 
injury: a KDIGO summary (Part 1). Crit Care. 2013;17:204.

12.	 Hakimi AA, Feder M, Ghavamian R. Minimally invasive 
approaches to prostate cancer: a review of the current 
literature. Urol J. 2007;4:130-7.

13.	 McDougall EM, Monk TG, Wolf JS Jr, Hicks M, Clayman RV, 
Gardner S, et al. The effect of prolonged pneumoperitoneum 
on renal function in an animal model. J Am Coll Surg. 
1996;182:317-28.

14.	 Ahn JH, Lim CH, Chung HI, Choi SU, Youn SZ, Lim HJ. 
Postoperative renal function in patients is unaltered 
after robotic-assisted radical prostatectomy. Korean J 
Anesthesiol. 2011;60:192-7.

15.	 Miki Y, Iwase K, Kamiike W, Taniguchi E, Sakaguchi K, 
Sumimura J, et al. Laparoscopic cholecystectomy and 
time-course changes in renal function. The effect of 
the retraction method on renal function. Surg Endosc. 
1997;11:838-41.

16.	 Myre K, Rostrup M, Eriksen M, Buanes T, Raeder J, Stokland 
O. Increased spillover of norepinephrine to the portal vein 
during CO-pneumoperitoneum in pigs. Acta Anaesthesiol 
Scand. 2004;48:443-50.

17.	 Youssef MA, saleh Al-Mulhim A. Effects of different 
anesthetic techniques on antidiuretic hormone secretion 
during laparoscopic cholecystectomy. Surg Endosc. 
2007;21:1543-8.

   
_______________________

Correspondence address:
Omer Gokhan Doluoglu, MD

Department of Urology Clinic
Ankara Training and Research Hospital

Ankara, Turkey Sukriye Mahallesi
Ulucanlar Caddesi, Ankara, Turkey

No: 89 / Postal Code: 06340
Fax: + 90 312 362-4933

E-mail: drdoluogluster@gmail.com




