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Background: In this retrospective study, we evaluated the effect of two approaches of robotic-assisted
laparoscopic radical prostatectomy (RALP). The first approach was pneumoperitoneum via transperitoneal
(TP-RALP), and the second approach was extraperitoneal (EP-RALP) on visceral function. We aimed to
provide clinical evidence for the perioperative safety with RALP and to help the surgical team choose an
appropriate approach for those with hepatic or renal insufficiency.
Methods: One hundred and fifty-seven eligible prostate cancer patients from 2015 to 2019 were included
in this study. The postoperative related laboratory tests were compared between transperitoneal and
extraperitoneal. The primary endpoint was hepatic and renal function. We also evaluate the intraoperative
amount of bleeding, the length of postoperative hospital stays, the occurrence of postoperative complications
(lymphatic leakage, bleeding, and infection), and the prostate-specific antigen (PSA).
Results: Postoperative total bilirubin and bound bilirubin in both groups were significantly increased,
while total protein, albumin, globulin, urea, and uric acid were significantly decreased (P<0.05). The total
protein, albumin, and globulin are significantly higher in the EP-RALP group than in the TP-RALP group
(P<0.05) postoperatively. There are no statistical differences in estimated glomerular filtration rate (eGFR)
and creatinine clearance (CCR) between these two groups, postoperatively.
Conclusions: RALP had a significant effect on hepatic function after both TP-RALP and EP-RALP
approaches, while the latter showed a lesser extent. Our results suggested that pneumoperitoneal pathways
have significant effects on protein consumption. Thus, we should require a more cautious choice of surgical
approaches when it comes to patients with impaired hepatic function or under risk of hepatic malfunction.
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Introduction
Radical prostatectomy can be performed by traditional open
and minimally invasive approaches, such as laparoscopic
or robotic-assisted. In recent years, there has been
increased adoption, and robotic-assisted laparoscopic
radical prostatectomy (RALP) is widely used as a prior
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therapeutic procedure for prostate cancer patients.
Compared with traditional open surgery, it has significant
benefits, including reduced blood loss, a shorter hospital
stay, and reduced postoperative pain (1,2). But there
are not sufficient research about the superiority of any
surgical approach in terms of oncological outcomes. It
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is necessary to keep the patient in the extreme low head
and high foot position (steep Trendelenburg position)
with artificial pneumoperitoneum during the RALP to
optimize the surgical field and operation. The artificial
pneumoperitoneum is always associated with the increase
of intraperitoneal pressure, which affects venous return,
systemic vascular resistance, and cardiac function (3).
At the beginning of pneumoperitoneum, the volume of
circulating blood increases due to the autotransfusion of
mixed blood from visceral circulation. However, with the
further increase of intraperitoneal pressure, the inferior
vena cava is compressed, and the venous return is reduced
as well as the cardiac output. Also, the absorption of
pneumoperitoneum gas (mostly carbon dioxide) leads to
hypercapnia and a simultaneous decrease in blood pH.
The increase in intraperitoneal pressure caused by artificial
pneumoperitoneum also leads to the displacement of the
diaphragm to the cephalic side of the patient, aggravated
by the extreme head, low foot, high position and leads to
the decrease of lung compliance and functional residual
capacity. These factors eventually result in airway collapse,
atelectasis, mismatch of ventilation-perfusion, and finally, a
decrease in arterial oxygenation (4), which may, in turn, lead
to a series of cardiopulmonary complications.
The decrease of venous reflux caused by high
pneumoperitoneum pressure may not only result in a
compromised cardiopulmonary function but also visceral
function, including liver and kidney, through decreased
perfusion. The increased pneumoperitoneum pressure and
operation time resulted in ischemia and anoxia of visceral
organs. The withdraw of pneumoperitoneum, which
leads to re-perfusion injury, may also aggravate damage
to hepatocytes (5). Several intraoperative ventilation
strategies, as well as lower pneumoperitoneum pressure,
were used to improve the oxygenation of patients and
reduce the side effects brought by the extreme head-lowfoot-high position (6,7). The procedure was improved to
ameliorate further the side effects caused by the extreme
position and abdominal pressure in RALP. Compared with
the transperitoneal approach, the extraperitoneal approach
results in less pressure on the abdominal wall, a smaller
internal incision with less intestinal irritation. These factors
lead to a faster postoperative intestinal recovery. Besides,
the patient’s angle of retroversion is 10–15°, which is less
than the 30° of the trans-abdominal approach. However,
due to the more surgical field TP- RALP can offer, it
remains the first choice at present (8,9).
This retrospective research was set out to evaluate
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the short-term outcome of patients with RALP under
two approaches and to help the surgical team choose the
appropriate approaches for vulnerable patients, especially
those with hepatic or renal insufficiency. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/gs-20-533).
Methods
Our study is a retrospective, single-center, controlled
clinical study. The data of 176 prostate cancer patients
who were treated at the urology department of Zhongshan
Hospital affiliated to Fudan University from 2015 to 2019
by an identical surgery team were collected. According
to the surgery, the effects of different approaches of
RALP on the function of visceral organs (liver and renal)
were assessed by pre- and postoperative hepatic and
renal function tests. The secondary endpoints include
intraoperative bleeding volume, postoperative hospital stay,
postoperative complications (lymphatic leakage, bleeding,
and infection), and short-term postoperative follow-up
index [prostate-specific antigen (PSA)]. The entire process
is described in the diagram below (Figure 1). The study
was approved by The Ethics Committee of the Zhongshan
hospital, Fudan University (No. B2019-199R) and written
informed consent was obtained from all patients. The
study was conducted in accordance with the Declaration of
Helsinki.
Inclusion criteria
The patients that we included in our study met the
following criteria: voluntary participation, confirmed
diagnosis of prostate cancer, robot-assisted laparoscopic
radical prostatectomy, 18 to 80 years old, the three months
follow-up of the surgery had been completed at least, and
American Society of Anesthesiologists (ASA) physical status
I or II.
Exclusion criteria
The exclusions were as follows: a turn to open surgery
during operation; blood transfusion during the operation;
serious complications occurring during and after the
operation; those who refused to be involved or did not
complete follow-up; have the history of hernia or intestinal
obstruction; patients with hepatic and renal diseases are
excluded.
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176 patients with RALP during 2015-2019

19 excluded
- 2 intraoperative transfusion
- 17 incomplete data

TP-RALP (85 patients with
transperitoneal approach)

EP-RALP (72 patients with
extraperitoneal approach)

Statistical analysis

Figure 1 Flow chart of the study. RALP, robotic-assisted laparoscopic radical prostatectomy; TP, transperitoneal; EP, extraperitoneal.

Surgical procedure
Extraperitoneal approach
A vertical 1.2 cm incision 3 cm inferior to the umbilicus
was used to approach the extraperitoneal space. An incision
was made into the anterior rectus sheath before the rectus
muscle was split. The extraperitoneal space was opened by
the insertion of the index finger in a caudal direction. Using
an extraperitoneal balloon dilator was space was created
before the introduction of a 12 mm trocar. Following an
inspection of the extraperitoneal cavity, the first 8-mm
robot trocar was placed on the right side under vision, about
four fingers laterally and 2 cm lower to the supra-umbilical
incision. A second 8-mm robot trocar was placed on the left
side, in a similar position as the first. The placement of a
third 8-mm robot trocar for the fourth robotic arm was at
1.5 cm, cranially to the left anterior iliac crest under vision.
Finally, a 12 mm assistant trocar was placed under vision on
the patient’s right side (8).
Operative technique
The steps of the operation included: incisions to the
endopelvic fascia and separation of puboprostatic ligaments;
paraurethral dissection of the bladder neck; the anterior
opening of the bladder neck; using the fourth arm to catch
the catheter, allowing for the prostate to be elevated;
dissection of the posterior bladder neck; dissection of the
vas and seminal vesicles; the opening of the Denonvillers
fascia and separation of the neurovascular bundles;
deep venous complex ligation free; apical dissection
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and disconnection of the prostate from the urethra; and
ureterovesical anastomosis. Most of the time, pelvic
lymph node dissection (PLND) was conducted before the
ureterovesical anastomosis. A drain was placed in the pelvic
cavity, and the extraction of the specimen was conducted via
the middle 12 mm port incision.
The transperitoneal approach
The patient was placed in the Trendelenburg position under
general anesthesia with their legs apart. A vertical incision
was made 2 cm above the umbilicus, and another vertical
1 cm incision was made to the anterior rectus sheet. A veress
needle was used to induce pneumoperitoneum before the
introduction of a 12-mm trocar. Following an inspection
of the abdominal cavity, the first 8-mm robot trocar was
placed under vision on the right side, about four fingers
laterally to the supra-umbilical incision on the line joining
the sub-umbilical incision and the right anterior iliac crest.
A second 8-mm robot trocar was placed on the left side in a
similar position to the first. A third robot trocar measuring
8-mm was placed 2 cm cranially to the left anterior iliac
crest for the fourth robotic arm. A 12 mm trocar was placed
to aid on the patient’s right side. The robot was docked, the
dissection of the pelvic peritoneal had taken place, and the
extraperitoneal space was created. The rest of the procedure
was carried out in a manner, as previously described (9).
Data collection
Our study was a retrospective analysis. Demographic
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Table 1 Demographic data
Parameters (mean ± standard deviation)

TP-RALP (n=85)

EP-RALP (n=72)

P value

Ages (years)

68.19±5.49

70.31±6.68

0.205

ASA score

1.82±0.42

1.88±0.33

0.378

Height (cm)

168.74±4.86

167.82±5.61

0.654

Weight (kg)

68.7±8.77

66.58±8.21

0.527

PSA (ng/mL)

14.12±19.8

26.52±42.02

0.110

fPSA (ng/mL)

1.37±1.6

3.35±8.06

0.215

fPSA/PSA (%)

14.45±10.29

11.78±6.22

0.693

Basic diseases

0.219

Hypertension

37 (43.5%)

30 (41.7%)

Diabetes

14 (16.7%)

4 (5.6%)

8 (9.4%)

6 (8.3%)

Coronary heart disease

RALP, robotic-assisted laparoscopic radical prostatectomy; TP, transperitoneal; EP, extraperitoneal; ASA, American Society of
Anesthesiologists; PSA, prostate-specific antigen; fPSA, free PSA.

Table 2 Operation-related data
Parameters (mean ± standard deviation)

TP-RALP(n=85)

EP-RALP (n=72)

P value

7.96±4.13

5.78±1.88

0.000*

Estimated blood loss (mL)

143.33±133.18

148.33±111.83

0.314

Length of operation (min)

157.37±38.6

136.89±35.17

0.013*

Length of hospital stay (days)

*, significant P value <0.05. RALP, robotic-assisted laparoscopic radical prostatectomy; TP, transperitoneal; EP, extraperitoneal.

characteristics including age, race, ASA, physical
status, and disease history were recorded. Surgical and
intraoperative details, including estimated blood loss
and length of operation as well as postoperative hospital
stay, postoperative complications (lymphatic leakage,
bleeding, and infection), pre- and postoperative PSA,
were also recorded. The first postoperative PSA was done
three months after surgery. The laboratory tests of renal
and hepatic function were respectively collected preoperatively and within one week after the procedures.
Alanine aminotransferase (ALT), aspartate aminotransferase
(AST), total bilirubin (TB), combined bilirubin (CB), total
protein (TP), albumin (ALB), globulin (GLO), urea, serum
creatinine (Scr), estimated glomerular filtration rate (eGFR),
and creatinine clearance (CCR) are used to evaluate the
hepatic and renal function. Changing percentages of all
data were calculated [(last value − initial value)/initial value
×100%].
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Statistical analysis
The SPSS 22.0 statistical software was used for statistical
processing. The data were all expressed as the mean
± standard deviation or count with percentage. The
comparison between groups was conducted by Student’s
t-test or a chi-square test. The normality test was conducted
before these tests. Differences were statistically significant
when P<0.05.
Results
An identical surgery team completed all operations. Tables
1 and 2 show the general preoperative information of
the two groups. No statistical difference of age, height,
weight, PSA, or free prostate-specific antigen (fPSA) existed
between the two groups, while the postoperative hospital
stay and the length of operation in the TP-RALP group
were significantly higher than those in the EP-RALP group
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Table 3 Changes of original data in hepatic and renal variables
Parameters (mean ±
standard deviation)

TP-RALP (n=85)

EP-RALP (n=72)

Pre-operation

9.95±4.72

9.66±3.04

Post-operation

14.21±6.11a

14.65±5.79a

Percentage change

0.53±0.56

0.54±0.44

Pre-operation

3.97±1.68

3.55±1.18

Post-operation

6.86±8.33a

5.7±2.3a

Percentage change

0.71±1.3

0.69±0.67

Pre-operation

65.02±4.19

66.53±4

Post-operation

55.35±5.55a

58.97±4.07a,b

Percentage change

−0.15±0.08

−0.11±0.06*

Pre-operation

41.5±2.97

42.39±3.57

Post-operation

34.69±3.68a

36.75±2.44a,b

Percentage change

−0.16±0.08

−0.13±0.08*

Pre-operation

23.17±3.25

24.72±3.83

Post-operation

20.69±3.44a

22.22±3.33a,b

Percentage change

−0.1±0.13

−0.1±0.09

Pre-operation

21.98±12.13

18.53±9.26

Post-operation

21.11±20.92

17.75±11.52

Percentage change

0.07±1.04

0.03±0.7

Pre-operation

21.24±14.09

19.42±7.02

Post-operation

27.74±20.61

22.44±12.27

TB (μmol/L)

Table 3 (continued)
Parameters (mean ±
standard deviation)
Percentage change

CB (μmol/L)

TP (g/L)

GLO (g/L)

ALT (U/L)

AST (U/L)

Table 3 (continued)

(P<0.05). The estimated blood loss was comparable between
the groups.
Pre- and postoperative hepatic and renal function in the
two groups are shown in Table 3. After the operation, TB
and CB were significantly increased, while the total protein,
albumin, and globulin were significantly reduced compared
with pre-operation (P<0.05) in both TP-RALP and EP-
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EP-RALP (n=72)

0.43±1.08

0.2±0.69

5.97±2.79

6.48±2.98

Urea (mmol/L)
Pre-operation

a

Post-operation

5.05±1.51

4.85±1.68a

Percentage change

−0.1±0.3

−0.21±0.2

SCr (μmol/L)
Pre-operation

83.43±15.73
a

Post-operation

87.97±30.94

79.62±16.33

85.89±26.34

−0.04±0.13

−0.02±0.09

Pre-operation

82.04±13.05

79.13±15.89

Post-operation

84.34±12.69

80.13±15.26

Percentage change

0.03±0.12

0.03±0.09

Percentage change

ALB (g/L)

TP-RALP (n=85)

2

eGFR (mL/min/1.73 m )

CCR (mL/min)
Pre-operation

73.59±16.13
a

69.88±18.76

Post-operation

77.74±18.96

70.9±18.45

Percentage change

0.06±0.14

0.03±0.09

14.12±19.8

26.52±42.02

PSA (ng/mL)
Pre-operation

a

Post-operation

0.2±0.53

0.84±2.05a,b

Percentage change

−0.98±0.06

−0.98±0.05*

Values are mean ± SD. Percentage change = (last value − initial
value)/initial value ×100%. a, P<0.05 vs. pre-operation; b, P<0.05
vs. TP-RALP; *, P<0.05 vs. TP-RALP. RALP, robotic-assisted
laparoscopic radical prostatectomy; TP, transperitoneal; EP,
extraperitoneal; TB, total bilirubin; CB, combined bilirubin;
TP, total protein; ALB, albumin; GLO, globulin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; Scr, serum
creatinine; eGFR, estimated glomerular filtration rate; CCR,
creatinine clearance; PSA, prostate-specific antigen.

RALP groups. Postoperative levels of urea were significantly
reduced (P<0.05) in both groups with no change of eGFR
and CCR.
The preoperative hepatic and renal functions are
comparable in two groups. The TP, ALB, and GLO in
the EP-RALP group were reduced to a less extent than
those in the TP-RALP group postoperatively (P<0.05). In
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Table 4 Postoperative complications of TP-RALP and EP-RALP
groups
Postoperative complications

TP-RALP

EP-RALP

Lymphatic leakage

2

0

Infection

2

1

RALP, robotic-assisted laparoscopic radical prostatectomy; TP,
transperitoneal; EP, extraperitoneal.

terms of postoperative complications, there were two cases
with lymphatic leakage and two with infection in the TPRALP group while 1 case of infection in the EP-RALP
group (Table 4). All patients with complications recovered
after conservative treatment. Postoperatively, PSA was
significantly decreased in both groups (P<0.05).
Discussion
In this retrospective study, we observed that the
transperitoneal and extraperitoneal approaches of RALP
were comparable in the short-term outcome. Meanwhile,
the hepatic function was affected to a greater extent in the
transperitoneal approach than the extraperitoneal approach.
Since the introduction of robot-assisted laparoscopic
radical prostatectomy in 2000, it has almost completed
replaced laparoscopy for radical prostatectomy in robotic
machines affordable areas (10). Compared with open
surgery, RALP showed reduced blood loss, early hospital
discharge, and early return to everyday life with the
equivalent outcome. Also, with the slighter Trendelenburg
position and intact peritoneum, the extraperitoneal
approach is ideally suited under certain situations like being
obese and having a prior history of abdominal surgery (8).
Using low-pressure pneumoperitoneum does not
appear to have clinical advantages as compared to standard
pressure on cardiac and pulmonary function with proper
perioperative measures. As to liver and kidney, low
intraabdominal pressure is associated with less injury (11).
In the extraperitoneal approach, less pressure exerted on
the abdominal wall by the mechanical arm (12). So, our
study focused on the liver and renal function only when
comparing the outcome of these two approaches. The
normal portal vein pressure ranges from 7 to 10 mmHg.
A level of intraperitoneal pressure that exceeds this range
reduces the portal vein blood flow and could result in
hepatic ischemia (13-15). Animal research confirmed that
15 mmHg carbon dioxide pneumoperitoneum caused
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more substantial hepatic injury (16). In the human study,
the plasma disappearance rate (PDR) of indocyanine
green (ICG), a compound marker for hepatosplanchnic
perfusion, but not classic liver laboratory parameters,
was positively correlated to intraabdominal pressure (17).
In this retrospective study, with only the availability of
laboratory tests of hepatic function, the results showed that
under the same insufflation pressure (10 mmHg), some
main parameters of hepatic function were changed in the
postoperative, period which means pneumoperitoneum
did affect the liver function. The hepatic perfusion has
a unique self-regulation mechanism, called the hepatic
arterial buffer response (HABR). Under physiological
and pathophysiological conditions, the change in portal
vein blood flow can be offset by a change in hepatic
artery flow, to maintain the total hepatic blood flow and
ensure the liver has sufficient oxygen supply. However,
during carbon dioxide pneumoperitoneum, hepatic artery
blood flow cannot compensate for the decrease in portal
vein blood flow. One possible explanation was that the
absorption of carbon dioxide through the peritoneum
could lead to adrenergic activity and hypercapnia leading
to acidosis, which was known to affect the regulation of
hepatic perfusion (13,18). Further analysis showed that
TP and ALB were decreased to a greater extent in the
transperitoneal approach than that in the extraperitoneal
approach. Considering the same perioperative treatment in
both groups, the difference may due to a longer operation
in the TP-RALP group which was associated with operative
trauma and increased catabolism (19-21).
Our laboratory test of renal function showed that the
eGFR and CCR did not affect these two approaches of
RALP while the Urea and Scr were slightly decreased
postoperatively. A retrospective study carried by other
centers showed a similar result. In the normal preoperative
CCR group, RARP with an IAP of 15–20 mmHg does
not induce renal dysfunction postoperatively (22).
Theoretically, an increase in intraperitoneal pressure leads
to the compression of renal vessels and parenchyma (23).
A decrease in renal perfusion can cause the activation of
the renin-aldosterone system and reduce renal blood flow.
In the RALP procedure, pneumoperitoneum and steep
Trendelenburg position decrease renal blood flow and
urine output by increasing intra-abdominal pressure (24).
Compared with open retropubic radical prostatectomy
(RRP), RALP significantly affected the eGFR, urea,
and creatinine levels (25). We did not observe the same
decreased renal function in our study. This difference

Gland Surg 2020;9(3):759-766 | http://dx.doi.org/10.21037/gs-20-533

Gland Surgery, Vol 9, No 3 June 2020

may due to a lower insufflation pressure in our study (10
mmHg) compared to theirs (12–15 mmHg). Importantly,
the observed changes in renal function and perfusion may
reversible and may also have a significant impact on patients
with pre-existing compromised renal function, but minor
importance in healthy people (26).
PSA in both groups reduced statistically after surgery,
which means the surgical outcome of these two approaches
is comparable. Like other studies (14,27), the length of
postoperative hospital stay and operation were significantly
lower in EP-RALP than that in the TP-RALP.
The limitations of this study are that as a retrospective
study, the individual IAP was absent, and only the route
laboratory tests of hepatic and renal function were available.
More well-designed randomized studies are needed to
evaluate further the difference and indications of these
two approaches of RALP. Since the extraperitoneal
pneumoperitoneum has been gradually started in our
hospital since 2018, the follow-up time of most patients is
relatively short. For comparison between the two groups, an
appropriate length of follow-up time was set. If possible, the
follow-up of this study will continue to get more convincing
results.
Both transperitoneal and extraperitoneal approaches for
undergoing a RALP procedure slightly affect hepatic and
renal function to similar extents. Due to a shorter length
of operation, the decrease of TP, ALB, and GLO in the
EP-RALP group was significantly lower than that in the
TP-RALP group. Our results suggest that when it comes
to vulnerable patients, including those with preoperative
malnutrition or renal and hepatic dysfunction, a decision
should be made with greater caution for the surgical
approaches.
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