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Abstract: Robot-assisted laparoscopic prostatectomy (RALP) is a minimally invasive technique for
the treatment of prostate cancer. RALP requires the patient to be placed in the steep Trendelenburg
position, along with pneumoperitoneum, which may increase the risk of postoperative pulmonary
complications (PPCs). This large single-center retrospective study evaluated the incidence and risk
factors of PPCs in 2208 patients who underwent RALP between 2014 and 2017. Patients were divided
into those with (PPC group) and without (non-PPC group) PPCs. Postoperative outcomes were
evaluated, and univariate and multivariate logistic regression analyses were performed to assess risk
factors of PPCs. PPCs occurred in 682 patients (30.9%). Risk factors of PPCs included age (odds ratio
[OR], 1.023; p = 0.001), body mass index (OR, 1.061; p = 0.001), hypoalbuminemia (OR, 1.653; p =

0.008), and positive end-expiratory pressure (PEEP) application (OR, 0.283; p < 0.001). The incidence
of postoperative complications, rate of intensive care unit (ICU) admission, and duration of ICU stay
were significantly greater in the PPC group than in the non-PPC group. In conclusion, the incidence
of PPCs in patients who underwent RALP under pneumoperitoneum in the steep Trendelenburg
position was 30.9%. Factors associated with PPCs included older age, higher body mass index,
hypoalbuminemia, and lack of PEEP.

Keywords: robot-assisted laparoscopic prostatectomy; incidence; risk factors; postoperative
pulmonary complications

1. Introduction

Robot-assisted laparoscopic prostatectomy (RALP) has several advantages over open
prostatectomy in patients with prostate cancer, including lower perioperative bleeding risk, shorter
operating time, and shorter hospital stay [1,2]. RALP, however, has a detrimental effect on the
respiratory system due to the effects of carbon dioxide pneumoperitoneum and placement of the
patient in the steep Trendelenburg position. These specific conditions can lead to reductions in lung
volume, functional residual capacity and vital capacity; a decrease of lung compliance; a deterioration
in ventilation–perfusion mismatch; and an increase in peak airway pressure [3,4]. Carbon dioxide
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pneumoperitoneum can also cause hypercarbia and respiratory acidosis. These undesirable effects on
the respiratory system from these particular surgical conditions may lead to postoperative pulmonary
complications (PPCs) in patients undergoing RALP.

PPCs have been found to increase mortality and morbidity rates, especially during the first
week after surgery [5–7]. Even mild PPCs, such as atelectasis and postoperative requirement for
supplemental oxygen, are associated with increased morbidity and mortality rates [6]. Therefore,
evaluation of the incidence and risk factors of PPCs and correction of the modifiable risk factors may
improve postoperative outcomes in patients undergoing RALP. However, to date, little information is
available regarding PPCs in patients undergoing RALP.

The present study therefore evaluated the incidence and independent risk factors of PPCs
in prostate cancer patients who underwent RALP requiring pneumoperitoneum and the steep
Trendelenburg position. This study also compared postoperative outcomes, including lengths of stay
in the hospital and intensive care unit (ICU) and the rate of ICU admission, between patients with
(PPC group) and without (non-PPC group) PPCs.

2. Materials and Methods

2.1. Patients

This was a large single-center, retrospective observational study of 2208 patients who underwent
RALP at Asan Medical Center between January 2014 and December 2017. Patients who underwent
RALP combined with another operation were excluded. Medical records of patients were reviewed
and PPCs were recorded. This study was approved by the institutional review board of Asan Medical
Center (approval No. 2019-0871).

2.2. Anesthesia Protocol

All patients underwent routine hemodynamic monitoring, including electrocardiography, pulse
oximetry, noninvasive blood pressure, end-tidal carbon dioxide concentration, and bispectral index
(Aspect Medical Systems, Inc., Newton, MA, USA). Anesthesia was induced in all patients with
1.5–2 mg/kg propofol or 4–5 mg/kg thiopental. After loss of consciousness, rocuronium was
administered for muscle relaxation. Anesthesia was maintained with 1–2 vol% sevoflurane and
1.0–4.0 ng/mL remifentanil; 4–6 vol% desflurane and 1.0–4.0 ng/mL remifentanil; or 1.5–3 µg/mL
propofol and 2–10 ng/mL remifentanil using a target-controlled infusion system [8,9], depending on
the anesthesiologist’s preference. Sevoflurane, desflurane, and propofol were adjusted to maintain
a bispectral index of 40–60. Medical air containing 50% oxygen was supplied. The ventilation
setting was a tidal volume of 6–8 mL/kg of ideal body weight and an inspiratory to expiratory ratio
of 1:2. The respiratory rate was adjusted to maintain an end-tidal carbon dioxide concentration of
35–45 cmH2O but not to exceed a maximum peak airway pressure of 30 cmH2O. Positive end-expiratory
pressure (PEEP) was applied at 6–8 cmH2O with recruitment maneuvers (40 cmH2O airway pressure
for 30 seconds) [10], according to the judgment of the anesthesiologist. Arterial blood pressure was
continually monitored through radial arterial catheterization. If systolic arterial blood pressure was
below 80 mmHg or heart rate was below 60 beats/min, fluids and/or drugs such as ephedrine or
phenylephrine were administered. Patients were administered crystalloid fluid such as plasma solution
A (CJ Pharmaceutical, Seoul, Korea) or lactated Ringer’s solution at a rate of 2–4 mL/kg/hr. Colloid fluid
such as 5% albumin or 6% hydroxyethyl starch was administered according to our institutional protocol
based on the arterial blood pressure, heart rate, and blood loss. Red blood cells were transfused into
patients with hemoglobin concentrations below 8 g/dL during surgery. After skin closure, sugammadex
was used to reverse the neuromuscular blockade.
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2.3. Surgical Protocol

RALP was performed according to the standard techniques of our institution using the da VinciTM

robot system (Intuitive Surgical, Inc., Sunnyvale, CA, USA) [11,12]. Carbon dioxide gas was insufflated
into the intraperitoneal cavity, with abdominal pressure maintained at 15 mmHg. Each patient was
placed in the steep Trendelenburg position (45 degrees), six trocars were inserted, and the bladder was
mobilized to enter the space of Retzius. The prostate was dissected using a transperitoneal antegrade
approach. A nerve sparing procedure was performed on all patients who were preoperatively regarded
as not having an extension of cancer. Continuous sutures were utilized for vesicourethral anastomosis.
Low-risk patients underwent selective dissection of pelvic lymph nodes, whereas high-risk patients
underwent routine dissection of pelvic lymph nodes as described [13]. All operations were performed
by five highly experienced surgeons.

2.4. Data Collection

The medical records of all selected patients were reviewed. The preoperative variables included
patient age, body mass index, American Society of Anesthesiologist (ASA) physical status, comorbidities
(hypertension, diabetes mellitus, coronary artery disease, chronic kidney disease, cerebrovascular
accident, and chronic obstructive pulmonary disease), smoking history, and laboratory data (white
blood cell and platelet counts and hemoglobin, albumin, uric acid, and creatinine concentrations).
Intraoperative variables were also recorded, including the durations of anesthesia and operation,
anesthetic agent, PEEP application, volume of fluids administered (crystalloids and colloids),
and incidence of red blood cell transfusions. Analyzed postoperative outcomes included PPCs,
postoperative complications categorized according to the Clavien–Dindo classification system [14], the
duration of hospital stay, the rate of ICU admission, and the duration of ICU stay.

2.5. Definition

Patients with coronary artery disease were defined as those with angina, myocardial infarct,
heart attack, or a history of percutaneous coronary intervention or coronary artery bypass graft
surgery. Patients with chronic kidney disease were defined as those previously diagnosed with chronic
kidney disease. Patients with cerebrovascular accident were defined as those diagnosed with transient
ischemic accident or stroke. Patients with chronic obstructive pulmonary disease were defined as
those diagnosed with chronic obstructive pulmonary disease, chronic bronchitis, or asthma. Smoking
status was classified as non-smoker, ex-smoker, or current smoker. Hypoalbuminemia was defined as
a serum albumin concentration <3.5 g/mL [15].

PPCs were defined as the occurrence of one or more of the following within 7 days after RALP [16]:
Respiratory infection, respiratory failure, pleural effusion, atelectasis, pneumothorax, bronchospasm,
and aspiration pneumonitis. Respiratory infection was defined as new or changed sputum and/or new
or changed lung opacities and/or fever and/or leukocyte count >12,000/mm3 while being treated with
antibiotics for a suspected respiratory infection. Respiratory failure was defined as a postoperative
partial arterial O2 pressure <60 mmHg on room air, partial arterial O2 pressure/fractional inspired O2

concentration <300, or arterial O2 saturation <90%, requiring O2 therapy. Pleural effusion, atelectasis,
and pneumothorax were diagnosed by chest X-rays. Bronchospasm was defined as a newly detected
expiratory wheezing treated with bronchodilators. Aspiration pneumonitis was defined as an acute
lung injury due to the inhalation of regurgitated gastric contents.

2.6. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation and categorical variables as
number (percent). Continuous variables in the PPC and non-PPC groups were compared using the
Student’s t-test or Mann–Whitney U test. Categorical variables in the PPC and non-PPC groups were
compared using the chi-square test or Fisher’s exact test. Univariate and multivariate logistic regression
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analyses were performed to identify independent risk factors of PPCs. Variables with a p-value < 0.05
in univariate logistic regression analysis were entered into multivariate logistic regression analysis.
Logistic regression model performance was evaluated using the Hosmer–Lemeshow goodness-of-fit
statistic (measuring model calibration) and the C-statistic (measuring model discrimination). A p-value
< 0.05 was considered statistically significant. All analyses were performed using SPSS® version 21.0
(IBM, Armonk, NY, USA).

3. Results

A review of medical records identified 2212 patients who underwent RALP between January 2014
and December 2017 at Asan Medical Center. Four patients were excluded because they underwent
RALP combined with another operation. The study cohort therefore consisted of 2208 patients.

The demographic characteristics and preoperative laboratory data of the 2208 patients are
summarized in Table 1. Of these 2208 patients, 682 (30.9%) had PPCs and 1526 (69.1%) did not.
Age, body mass index, preoperative platelet counts and serum albumin concentrations, and rate of
hypoalbuminemia differed significantly in the PPC and non-PPC groups. Intraoperative data are
shown in Table 2. Anesthetic agent, PEEP application, and amount of colloid administered differed
significantly in the PPC and non-PPC groups.

Table 1. Demographic and clinical characteristics.

Variables All Patients
(n = 2208)

PPC Group
(n = 682)

Non-PPC Group
(n = 1526) p-Value *

Age (years) 65.2 ± 7.1 66.0 ± 6.8 64.9 ± 7.2 0.001
Body mass index (kg/m2) 25.0 ± 2.7 25.2 ± 2.7 24.9 ± 2.7 0.006

ASA physical status 0.150
≤II 1841 (83.4) 557 (81.7) 1284 (84.1)
III 367 (16.6) 125 (18.3) 242 (15.9)

Hypertension 968 (43.8) 314 (46.0) 654 (42.9) 0.164
Diabetes mellitus 360 (16.3) 117 (17.2) 243 (15.9) 0.469

Coronary artery disease 165 (7.5) 52 (7.6) 113 (7.4) 0.856
Chronic kidney disease 14 (0.6) 4 (0.6) 10 (0.7) 0.851

Cerebrovascular accident 106 (4.8) 33 (4.8) 73 (4.8) 0.955
Chronic obstructive pulmonary disease 60 (2.7) 21 (3.1) 39 (2.6) 0.485

Smoking history 0.777
Non-smoker 1039 (47.1) 328 (48.1) 711 (46.6)

Current-smoker 196 (8.9) 61 (8.9) 135 (8.8)
Ex-smoker 973 (44.1) 293 (43.0) 680 (44.6)

Preoperative laboratory tests
White blood cells (103/µL) 6.3 ± 1.7 6.2 ± 1.7 6.3 ± 1.8 0.509

Hemoglobin (g/dL) 14.4 ± 1.2 14.4 ± 1.2 14.5 ± 1.2 0.251
Platelets (103/µL) 220.9 ± 54.7 217.4 ± 51.6 222.5 ± 56.0 0.042
Albumin (g/dL) 3.92 ± 0.31 3.88 ± 0.31 3.93 ± 0.31 <0.001

Hypoalbuminemia 133 (6.0) 54 (7.9) 79 (5.2) 0.012
Uric acid (mg/dL) 5.40 ± 1.28 5.42 ± 1.28 5.38 ± 1.28 0.484

Creatinine (mg/dL) 0.94 ± 0.24 0.93 ± 0.21 0.94 ± 0.25 0.390

Continuous variables are presented as mean ± standard deviation and categorical variables as number (percent).
* For comparisons between the PPC and non-PPC groups. PPC, postoperative pulmonary complication; ASA,
American Society of Anesthesiologists.
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Table 2. Intraoperative data.

Variables All Patients
(n = 2208)

PPC Group
(n = 682)

Non-PPC Group
(n = 1526) p-Value *

Duration of anesthesia (min) 204.7 ± 33.4 204.8 ± 34.1 204.7 ± 33.1 0.905
Duration of operation (min) 158.3 ± 39.9 158.9 ± 32.7 158.1 ± 42.8 0.645

Anesthetic agent 0.006
Sevoflurane 1396 (63.2) 398 (58.4) 998 (65.4)
Desflurane 616 (27.9) 213 (31.2) 403 (26.4)

Propofol 196 (8.9) 71 (10.4) 125 (8.2)
Positive end-expiratory pressure 384 (17.4) 51 (7.5) 333 (21.8) <0.001
Crystalloid administered (mL/kg) 21.7 ± 8.3 21.5 ± 9.6 21.8 ± 7.6 0.443

Colloid administered (mL/kg) 0.9 ± 2.4 1.1 ± 2.5 0.8 ± 2.4 0.024
Red blood cell transfusion 8 (0.4) 4 (0.6) 4 (0.3) 0.241

Continuous variables are presented as mean ± standard deviation and categorical variables as number (percent). *
For comparisons between the PPC and non-PPC groups. PPC, postoperative pulmonary complication.

The rates of preoperative hypoalbuminemia (2.6% vs. 0.7%; p = 0.001) and anemia (8.1% vs. 3.9%;
p < 0.001) were significantly higher in older (≥65 years) prostate cancer patients who underwent RALP
compared to younger (<65 years) patients.

Univariate logistic regression analysis showed that age, body mass index, preoperative platelet
count, rate of hypoalbuminemia, anesthetic agent, PEEP application, and amount of colloid administered
were associated with PPCs in patients undergoing RALP (Table 3). Multivariate logistic regression
analysis demonstrated that age (odds ratio [OR], 1.023; p = 0.001), body mass index (OR, 1.061; p = 0.001),
hypoalbuminemia (OR, 1.653; p = 0.008), and PEEP application (OR, 0.283; p < 0.001) were significantly
associated with PPCs (Table 3). The Hosmer–Lemeshow goodness-of-fit statistic for the model was
0.927 and the C-statistic was 0.623. The postoperative complications (categorized according to the
Clavien–Dindo classification system), the rate of ICU admission, and the duration of ICU stay were all
significantly greater in the PPC group than in the non-PPC group (Table 4).

Table 3. Univariate and multivariate logistic regression analyses of factors predictive of postoperative
pulmonary complications.

Variables
Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Age 1.023 (1.009–1.036) 0.001 1.023 (1.010–1.037) 0.001
Body mass index 1.048 (1.013–1.083) 0.007 1.061 (1.024–1.098) 0.001

ASA physical status 1.191 (0.939–1.510) 0.150
Chronic obstructive pulmonary disease 1.211 (0.707–2.075) 0.485

Smoking history
Non-smoker 1.000

Current-smoker 0.979 (0.705–1.362) 0.902
Ex-smoker 0.934 (0.773–1.129) 0.480

Hemoglobin 0.957 (0.888–1.032) 0.251
Platelet 0.998 (0.996–1.000) 0.042 0.999 (0.997–1.001) 0.224

Hypoalbuminemia 1.575 (1.100–2.254) 0.013 1.653 (1.139–2.400) 0.008
Duration of operation 1.001 (0.998–1.003) 0.645

Anesthetic agent
Sevoflurane 1.000
Desflurane 1.325 (1.082–1.623) 0.006 0.987 (0.790–1.235) 0.912

Propofol 1.424 (1.041–1.949) 0.027 1.140 (0.827–1.572) 0.424
Positive end-expiratory pressure 0.290 (0.212–0.395) <0.001 0.283 (0.207–0.387) <0.001

Crystalloid administered 0.996 (0.984–1.007) 0.443
Colloid administered 1.042 (1.005–1.081) 0.024 1.000 (1.000–1.001) 0.138

Red blood cell transfusion 2.245 (0.560–9.002) 0.254

OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists.
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Table 4. Postoperative outcomes.

Variables PPC Group
(n = 682)

Non-PPC Group
(n = 1526) p-Value *

Clavien–Dindo classification
system <0.001

I 35 (5.1) 73 (4.8)
II 26 (3.8) 6 (0.4)

IIIa 2 (0.3) 1 (0.1)
IIIb 3 (0.4) 4 (0.3)
IVa 2 (0.3) 6 (0.4)
IVb 0 (0.0) 0 (0.0)
V 0 (0.0) 0 (0.0)

Duration of hospital stay (days) 6.47 ± 2.25 6.45 ± 4.18 0.910
Rate of ICU admission 19 (2.8) 18 (1.2) 0.007

Duration of ICU stay (days) 0.06 ± 0.34 0.02 ± 0.22 0.005

Continuous variables are presented as mean ± standard deviation and categorical variables as number (percent).
* For comparisons between the PPC and non-PPC groups. PPC, postoperative pulmonary complication; ICU,
intensive care unit.

4. Discussion

This large single-center study analyzed 2208 patients who underwent RALP under specific
conditions, including pneumoperitoneum and the steep Trendelenburg position. The incidence of
PPCs in this population was 30.9%. Multivariate logistic regression analysis found that older age,
higher body mass index, hypoalbuminemia, and lack of PEEP were significantly associated with PPCs.
In addition, the rate of ICU admission and the length of ICU stay were significantly greater in patients
with than without PPCs.

Previous studies have reported that the incidence of PPCs in patients who underwent
non-cardiothoracic surgery ranged from 2.7% to 33.4% [6,17,18]. Our finding, that the incidence
of PPCs in patients who underwent RALP was 30.9%, may have been influenced by the characteristics
of these patients and the type of surgery. All patients in the current study were men with prostate
cancer, with an average age of 65.2 years. Male sex [19–21] and older age [21,22] are risk factors for PPCs.
Furthermore, RALP requires the steep Trendelenburg position and carbon dioxide pneumoperitoneum,
lifting the diaphragm, reducing lung compliance and functional residual capacity, and inducing
respiratory acidosis [3,23], all of which may be responsible for the relatively high incidence of PPCs in
patients undergoing RALP.

The present study also found that older age was associated with PPCs in patients undergoing
RALP. Age older than 60 or 65 years was previously shown to be a risk factor for PPCs in patients
undergoing various types of surgery [22,24]. Older patients tend to have a higher risk of frailty [25,26],
a factor associated with PPCs [27,28], as well as higher rates of hypoalbuminemia and anemia [29,30].
Although the present study could not fully evaluate frailty due its retrospective nature, the rates of
hypoalbuminemia and anemia were significantly higher in patients aged ≥65 than <65 years. These
findings suggest that older men, with a higher risk of frailty [25,26], are more vulnerable to PPCs
during RALP.

Our finding, that higher body mass index was a risk factor for PPCs in patients undergoing RALP,
agreed with findings from previous studies [22,31,32]. Compared with non-obese individuals, obese
patients under general anesthesia can expend more effort in breathing due to increased airway resistance
and decreased compliance and lung volume [33,34]. These changes in respiratory physiology may be
especially prominent in patients undergoing RALP, which requires carbon dioxide pneumoperitoneum
and the steep Trendelenburg position.

Hypoalbuminemia was also found to be a risk factor for PPCs. Albumin, a biomarker for nutrition
state, was shown to be related to postoperative complications, such as surgical site infection, and
to postoperative outcomes [35,36]. Hypoalbuminemia has been significantly associated with poor
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postoperative outcomes, especially PPCs [37,38]. Several hypotheses have suggested the mechanisms
by which hypoalbuminemia is associated with the development of PPCs [39,40]. One hypothesis
suggests that decreased albumin concentrations inhibit the activation of macrophages and the apoptosis
of unregulated macrophages, impairing immune responses and making patients more susceptible
to infection or inflammatory reactions after surgery [40]. The second hypothesis suggests that
decreased albumin concentrations reduce plasma osmotic pressure, causing tissue edema and the
leakage of interstitial fluid, generating pulmonary congestion and edema and promoting bacterial
propagation [39].

In our study, the application of PEEP was associated with a significantly lower incidence of PPCs.
A low level of PEEP (6–8 cmH2O) was applied because a higher level, when coupled with the steep
Trendelenburg position and pneumoperitoneum, can cause hemodynamic compromise and increase
the peak airway pressure. Although the effect of PEEP on PPCs is unclear [41,42], several studies
have reported that PEEP of 6–8 cmH2O lowers the risk of PPCs by reducing lung atelectasis [43,44].
Application of PEEP is known to prevent airway collapse and increase functional residual capacity [45].
However, the ideal level of PEEP to reduce PPCs has not yet been determined [6], suggesting the need
for further studies to determine the ideal PEEP level to prevent or reduce PPCs in RALP.

In many studies comparing the postoperative outcomes of open surgery to laparoscopic or
robot-assisted surgery, the incidence of PPCs has been found to be significantly higher for open surgery
than for laparoscopic or robot-assisted surgery [46,47]. Minimally invasive surgery causes less tissue
trauma compared to open surgery, and reducing trauma is associated with decreased immune and
metabolic acute phase responses. A decrease in these immunologic effects has been found to be
associated with fewer PCCs [48]. In addition, early pulmonary rehabilitation due to low postoperative
pain has been found to reduce PPCs in robotic surgery [49]. Similarly, RALP is known to have a
lower incidence of PPCs compared to open prostatectomy for the same reasons [47]. Therefore, in
prostate cancer patients with risk factors of PPCs, RALP may help to reduce respiratory complications
compared to open prostatectomy.

In agreement with previous results [5,37,50], the present study also found that the rate of ICU
admission and the length of ICU stay were significantly greater in prostate cancer patients with than
without PPCs [5,37,50]. PPCs are associated with increases in morbidity, including acute renal failure
and myocardial infarction, as well as increases in mortality rates and hospital costs [6,51]. Increased
attention to the possibility of PPCs may improve postoperative outcomes in patients undergoing RALP.

This study suggests that meticulous attention should be paid to patients who are older (≥65 years),
have higher body mass index, and/or have hypoalbuminemia when performing RALP. In particular,
patients with hypoalbuminemia may benefit from serum albumin level correction prior to surgery.
Applying PEEP during RALP may also help to prevent or reduce PPCs in older patients with higher
body mass index. To date, this is the first study of which we are aware that evaluates the incidence and
risk factors of PPCs in prostate cancer patients undergoing RALP, a procedure that requires the steep
Trendelenburg position combined with pneumoperitoneum and may increase the risk of PPCs.

This study had several limitations, including its design as a retrospective observational study.
Although this study included a large patient population (2208 men) and included many factors to
obtain reliable results, we cannot exclude the possibility that other, non-evaluated factors may have
influenced our outcomes. Second, all patients were treated at a single large center. Therefore, the
results of this study may not be applicable to other centers, suggesting the need for multicenter studies.
Third, intra-abdominal pressure during RALP was relatively high. We cannot completely exclude the
possibility that the relatively high intra-abdominal pressure during RALP could be a contributing
factor to the incidence of PPCs.

5. Conclusions

PPCs occurred in 30.9% of patients who underwent RALP. PPCs were associated with older age,
higher body mass index, hypoalbuminemia, and lack of PEEP. The rate of ICU admission and the
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duration of ICU stay were greater in patients with than without PPCs. These findings emphasize the
importance of identifying and managing risk factors for PPCs in prostate cancer patients undergoing
RALP requiring the steep Trendelenburg position combined with pneumoperitoneum.

Author Contributions: Conceptualization, H.S. and Y.-K.K.; Methodology, J.Y., J.-H.H., H.S., and Y.-K.K.;
Validation, J.-Y.P. and D.-H.K.; Formal analysis, J.Y., H.S., and Y.-K.K.; Investigation, J.Y., J.-Y.P., D.-H.K., and S.K.;
Resources, J.Y. and J.-Y.P.; Data curation, J.Y. and S.K.; Writing—original draft preparation, J.Y.; Writing—review
and editing, H.S. and Y.-K.K.; Visualization, J.Y.; Supervision, J.-H.H., H.S., and Y.-K.K.; Project administration,
J.Y., H.S., and Y.-K.K.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Novara, G.; Ficarra, V.; Rosen, R.C.; Artibani, W.; Costello, A.; Eastham, J.A.; Graefen, M.; Guazzoni, G.;
Shariat, S.F.; Stolzenburg, J.U.; et al. Systematic review and meta-analysis of perioperative outcomes and
complications after robot-assisted radical prostatectomy. Eur. Urol. 2012, 62, 431–452. [CrossRef] [PubMed]

2. De Carlo, F.; Celestino, F.; Verri, C.; Masedu, F.; Liberati, E.; Di Stasi, S.M. Retropubic, laparoscopic, and
robot-assisted radical prostatectomy: Surgical, oncological, and functional outcomes: A systematic review.
Urol. Int. 2014, 93, 373–383. [CrossRef] [PubMed]

3. Awad, H.; Walker, C.M.; Shaikh, M.; Dimitrova, G.T.; Abaza, R.; O’Hara, J. Anesthetic considerations for
robotic prostatectomy: A review of the literature. J. Clin. Anesth. 2012, 24, 494–504. [CrossRef] [PubMed]

4. Gainsburg, D.M. Anesthetic concerns for robotic-assisted laparoscopic radical prostatectomy. Minerva
Anestesiol. 2012, 78, 596–604. [PubMed]

5. Shander, A.; Fleisher, L.A.; Barie, P.S.; Bigatello, L.M.; Sladen, R.N.; Watson, C.B. Clinical and economic
burden of postoperative pulmonary complications: Patient safety summit on definition, risk-reducing
interventions, and preventive strategies. Crit. Care Med. 2011, 39, 2163–2172. [CrossRef] [PubMed]

6. Fernandez-Bustamante, A.; Frendl, G.; Sprung, J.; Kor, D.J.; Subramaniam, B.; Martinez Ruiz, R.; Lee, J.W.;
Henderson, W.G.; Moss, A.; Mehdiratta, N.; et al. Postoperative Pulmonary Complications, Early Mortality,
and Hospital Stay Following Noncardiothoracic Surgery: A Multicenter Study by the Perioperative Research
Network Investigators. JAMA Surg. 2017, 152, 157–166. [CrossRef] [PubMed]

7. Lawson, E.H.; Hall, B.L.; Louie, R.; Ettner, S.L.; Zingmond, D.S.; Han, L.; Rapp, M.; Ko, C.Y. Association
between occurrence of a postoperative complication and readmission: Implications for quality improvement
and cost savings. Ann. Surg. 2013, 258, 10–18. [CrossRef] [PubMed]

8. Minto, C.F.; Schnider, T.W.; Egan, T.D.; Youngs, E.; Lemmens, H.J.; Gambus, P.L.; Billard, V.; Hoke, J.F.;
Moore, K.H.; Hermann, D.J.; et al. Influence of age and gender on the pharmacokinetics and
pharmacodynamics of remifentanil. I. Model development. Anesthesiology 1997, 86, 10–23. [CrossRef]
[PubMed]

9. Marsh, B.; White, M.; Morton, N.; Kenny, G.N. Pharmacokinetic model driven infusion of propofol in
children. Br. J. Anaesth. 1991, 67, 41–48. [CrossRef] [PubMed]

10. Talmor, D.; Sarge, T.; Malhotra, A.; O’Donnell, C.R.; Ritz, R.; Lisbon, A.; Novack, V.; Loring, S.H. Mechanical
ventilation guided by esophageal pressure in acute lung injury. N. Engl. J. Med. 2008, 359, 2095–2104.
[CrossRef] [PubMed]

11. Kim, S.C.; Song, C.; Kim, W.; Kang, T.; Park, J.; Jeong, I.G.; Lee, S.; Cho, Y.M.; Ahn, H. Factors determining
functional outcomes after radical prostatectomy: Robot-assisted versus retropubic. Eur. Urol. 2011, 60,
413–419. [CrossRef] [PubMed]

12. Jeong, I.G.; Yoo, S.; Lee, C.; Kim, M.; You, D.; Song, C.; Park, S.; Hong, J.H.; Ahn, H.; Kim, C.S. Obesity as
a Risk Factor for Unfavorable Disease in Men with Low Risk Prostate Cancer and its Relationship with
Anatomical Location of Tumor. J. Urol. 2017, 198, 71–78. [CrossRef] [PubMed]

13. D’Amico, A.V.; Whittington, R.; Malkowicz, S.B.; Schultz, D.; Blank, K.; Broderick, G.A.; Tomaszewski, J.E.;
Renshaw, A.A.; Kaplan, I.; Beard, C.J.; et al. Biochemical outcome after radical prostatectomy, external beam
radiation therapy, or interstitial radiation therapy for clinically localized prostate cancer. J. Am. Med. Assoc.
1998, 280, 969–974. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.eururo.2012.05.044
http://www.ncbi.nlm.nih.gov/pubmed/22749853
http://dx.doi.org/10.1159/000366008
http://www.ncbi.nlm.nih.gov/pubmed/25277444
http://dx.doi.org/10.1016/j.jclinane.2012.03.003
http://www.ncbi.nlm.nih.gov/pubmed/22986320
http://www.ncbi.nlm.nih.gov/pubmed/22415437
http://dx.doi.org/10.1097/CCM.0b013e31821f0522
http://www.ncbi.nlm.nih.gov/pubmed/21572323
http://dx.doi.org/10.1001/jamasurg.2016.4065
http://www.ncbi.nlm.nih.gov/pubmed/27829093
http://dx.doi.org/10.1097/SLA.0b013e31828e3ac3
http://www.ncbi.nlm.nih.gov/pubmed/23579579
http://dx.doi.org/10.1097/00000542-199701000-00004
http://www.ncbi.nlm.nih.gov/pubmed/9009935
http://dx.doi.org/10.1093/bja/67.1.41
http://www.ncbi.nlm.nih.gov/pubmed/1859758
http://dx.doi.org/10.1056/NEJMoa0708638
http://www.ncbi.nlm.nih.gov/pubmed/19001507
http://dx.doi.org/10.1016/j.eururo.2011.05.011
http://www.ncbi.nlm.nih.gov/pubmed/21612859
http://dx.doi.org/10.1016/j.juro.2017.01.073
http://www.ncbi.nlm.nih.gov/pubmed/28161349
http://dx.doi.org/10.1001/jama.280.11.969
http://www.ncbi.nlm.nih.gov/pubmed/9749478


J. Clin. Med. 2019, 8, 1509 9 of 10

14. Mitropoulos, D.; Artibani, W.; Graefen, M.; Remzi, M.; Roupret, M.; Truss, M. Reporting and grading
of complications after urologic surgical procedures: An ad hoc EAU guidelines panel assessment and
recommendations. Eur. Urol. 2012, 61, 341–349. [CrossRef] [PubMed]

15. Ahmed, A.H.; Litell, J.M.; Malinchoc, M.; Kashyap, R.; Schiller, H.J.; Pannu, S.R.; Singh, B.; Li, G.; Gajic, O.
The role of potentially preventable hospital exposures in the development of acute respiratory distress
syndrome: A population-based study. Crit. Care Med. 2014, 42, 31–39. [CrossRef]

16. Canet, J.; Gallart, L.; Gomar, C.; Paluzie, G.; Valles, J.; Castillo, J.; Sabate, S.; Mazo, V.; Briones, Z.; Sanchis, J.
Prediction of postoperative pulmonary complications in a population-based surgical cohort. Anesthesiology
2010, 113, 1338–1350. [CrossRef] [PubMed]

17. McAlister, F.A.; Bertsch, K.; Man, J.; Bradley, J.; Jacka, M. Incidence of and risk factors for pulmonary
complications after nonthoracic surgery. Am. J. Respir. Crit. Care Med. 2005, 171, 514–517. [CrossRef]

18. Miskovic, A.; Lumb, A.B. Postoperative pulmonary complications. Br. J. Anaesth. 2017, 118, 317–334.
[CrossRef]

19. Yang, C.K.; Teng, A.; Lee, D.Y.; Rose, K. Pulmonary complications after major abdominal surgery: National
Surgical Quality Improvement Program analysis. J. Surg. Res. 2015, 198, 441–449. [CrossRef]

20. Blum, J.M.; Stentz, M.J.; Dechert, R.; Jewell, E.; Engoren, M.; Rosenberg, A.L.; Park, P.K. Preoperative
and intraoperative predictors of postoperative acute respiratory distress syndrome in a general surgical
population. Anesthesiology 2013, 118, 19–29. [CrossRef]

21. Johnson, R.G.; Arozullah, A.M.; Neumayer, L.; Henderson, W.G.; Hosokawa, P.; Khuri, S.F. Multivariable
predictors of postoperative respiratory failure after general and vascular surgery: Results from the patient
safety in surgery study. J. Am. Coll. Surg. 2007, 204, 1188–1198. [CrossRef] [PubMed]

22. Brooks-Brunn, J.A. Predictors of postoperative pulmonary complications following abdominal surgery. Chest
1997, 111, 564–571. [CrossRef] [PubMed]

23. Fitzgerald, S.D.; Andrus, C.H.; Baudendistel, L.J.; Dahms, T.E.; Kaminski, D.L. Hypercarbia during carbon
dioxide pneumoperitoneum. Am. J. Surg. 1992, 163, 186–190. [CrossRef]

24. Li, C.; Yang, W.H.; Zhou, J.; Wu, Y.; Li, Y.S.; Wen, S.H.; Huang, W.Q.; Liu, K.X. Risk factors for predicting
postoperative complications after open infrarenal abdominal aortic aneurysm repair: Results from a single
vascular center in China. J. Clin. Anesth. 2013, 25, 371–378. [CrossRef] [PubMed]

25. Kristjansson, S.R.; Nesbakken, A.; Jordhoy, M.S.; Skovlund, E.; Audisio, R.A.; Johannessen, H.O.; Bakka, A.;
Wyller, T.B. Comprehensive geriatric assessment can predict complications in elderly patients after elective
surgery for colorectal cancer: A prospective observational cohort study. Crit. Rev. Oncol. Hematol. 2010, 76,
208–217. [CrossRef] [PubMed]

26. Dasgupta, M.; Rolfson, D.B.; Stolee, P.; Borrie, M.J.; Speechley, M. Frailty is associated with postoperative
complications in older adults with medical problems. Arch. Gerontol. Geriatr. 2009, 48, 78–83. [CrossRef]

27. Buchner, D.M.; Wagner, E.H. Preventing frail health. Clin. Geriatr. Med. 1992, 8, 1–17. [CrossRef]
28. Robinson, T.N.; Wu, D.S.; Pointer, L.; Dunn, C.L.; Cleveland, J.C., Jr.; Moss, M. Simple frailty score predicts

postoperative complications across surgical specialties. Am. J. Surg. 2013, 206, 544–550. [CrossRef]
29. Gomibuchi, T.; Seto, T.; Komatsu, M.; Tanaka, H.; Ichimura, H.; Yamamoto, T.; Ohashi, N.; Wada, Y.; Okada, K.

Impact of Frailty on Outcomes in Acute Type A Aortic Dissection. Ann. Thorac. Surg. 2018, 106, 1349–1355.
[CrossRef]

30. Palmer, K.; Vetrano, D.L.; Marengoni, A.; Tummolo, A.M.; Villani, E.R.; Acampora, N.; Bernabei, R.; Onder, G.
The Relationship between Anaemia and Frailty: A Systematic Review and Meta-Analysis of Observational
Studies. J. Nutr. Health Aging 2018, 22, 965–974. [CrossRef]

31. Bamgbade, O.A.; Rutter, T.W.; Nafiu, O.O.; Dorje, P. Postoperative complications in obese and nonobese
patients. World J. Surg. 2007, 31, 556–560. [CrossRef] [PubMed]

32. LAS VEGAS investigators. Epidemiology, practice of ventilation and outcome for patients at increased risk
of postoperative pulmonary complications: LAS VEGAS—An observational study in 29 countries. Eur. J.
Anaesthesiol. 2017, 34, 492–507. [CrossRef] [PubMed]

33. Hodgson, L.E.; Murphy, P.B.; Hart, N. Respiratory management of the obese patient undergoing surgery. J.
Thorac. Dis. 2015, 7, 943–952. [CrossRef] [PubMed]

34. Parameswaran, K.; Todd, D.C.; Soth, M. Altered respiratory physiology in obesity. Can. Respir. J. 2006, 13,
203–210. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.eururo.2011.10.033
http://www.ncbi.nlm.nih.gov/pubmed/22074761
http://dx.doi.org/10.1097/CCM.0b013e318298a6db
http://dx.doi.org/10.1097/ALN.0b013e3181fc6e0a
http://www.ncbi.nlm.nih.gov/pubmed/21045639
http://dx.doi.org/10.1164/rccm.200408-1069OC
http://dx.doi.org/10.1093/bja/aex002
http://dx.doi.org/10.1016/j.jss.2015.03.028
http://dx.doi.org/10.1097/ALN.0b013e3182794975
http://dx.doi.org/10.1016/j.jamcollsurg.2007.02.070
http://www.ncbi.nlm.nih.gov/pubmed/17544077
http://dx.doi.org/10.1378/chest.111.3.564
http://www.ncbi.nlm.nih.gov/pubmed/9118688
http://dx.doi.org/10.1016/0002-9610(92)90274-U
http://dx.doi.org/10.1016/j.jclinane.2013.01.013
http://www.ncbi.nlm.nih.gov/pubmed/23965198
http://dx.doi.org/10.1016/j.critrevonc.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/20005123
http://dx.doi.org/10.1016/j.archger.2007.10.007
http://dx.doi.org/10.1016/S0749-0690(18)30494-4
http://dx.doi.org/10.1016/j.amjsurg.2013.03.012
http://dx.doi.org/10.1016/j.athoracsur.2018.06.055
http://dx.doi.org/10.1007/s12603-018-1049-x
http://dx.doi.org/10.1007/s00268-006-0305-0
http://www.ncbi.nlm.nih.gov/pubmed/16957821
http://dx.doi.org/10.1097/EJA.0000000000000646
http://www.ncbi.nlm.nih.gov/pubmed/28633157
http://dx.doi.org/10.3978/j.issn.2072-1439.2015.03.08
http://www.ncbi.nlm.nih.gov/pubmed/26101653
http://dx.doi.org/10.1155/2006/834786
http://www.ncbi.nlm.nih.gov/pubmed/16779465


J. Clin. Med. 2019, 8, 1509 10 of 10

35. Sungurtekin, H.; Sungurtekin, U.; Balci, C.; Zencir, M.; Erdem, E. The influence of nutritional status on
complications after major intraabdominal surgery. J. Am. Coll. Nutr. 2004, 23, 227–232. [CrossRef] [PubMed]

36. Sung, J.; Bochicchio, G.V.; Joshi, M.; Bochicchio, K.; Costas, A.; Tracy, K.; Scalea, T.M. Admission serum
albumin is predicitve of outcome in critically ill trauma patients. Am. Surg. 2004, 70, 1099–1102. [PubMed]

37. Yu, J.; Seo, H.; Kim, H.K.; Kim, S.C.; Kim, Y.K. Risk Factors for Pulmonary Complications After Laparoscopic
Pylorus-preserving Pancreaticoduodenectomy: A Retrospective Observational Analysis. Surg. Laparosc.
Endosc. Percutan. Tech. 2018, 28, 128–132. [CrossRef] [PubMed]

38. Chen, Y.; Wu, G.; Wang, R.; Chen, J. Preoperative Albumin Level Serves as a Predictor for Postoperative
Pulmonary Complications Following Elective Laparoscopic Gastrectomy. Curr. Pharm. Des. 2018, 24,
3250–3255. [CrossRef]

39. Runyon, B.A. Low-protein-concentration ascitic fluid is predisposed to spontaneous bacterial peritonitis.
Gastroenterology 1986, 91, 1343–1346. [CrossRef]

40. Rivadeneira, D.E.; Grobmyer, S.R.; Naama, H.A.; Mackrell, P.J.; Mestre, J.R.; Stapleton, P.P.; Daly, J.M.
Malnutrition-induced macrophage apoptosis. Surgery 2001, 129, 617–625. [CrossRef]

41. Kor, D.J.; Lingineni, R.K.; Gajic, O.; Park, P.K.; Blum, J.M.; Hou, P.C.; Hoth, J.J.; Anderson, H.L., 3rd;
Bajwa, E.K.; Bartz, R.R.; et al. Predicting risk of postoperative lung injury in high-risk surgical patients: A
multicenter cohort study. Anesthesiology 2014, 120, 1168–1181. [CrossRef] [PubMed]

42. Hemmes, S.N.; Gama de Abreu, M.; Pelosi, P.; Schultz, M.J. High versus low positive end-expiratory pressure
during general anaesthesia for open abdominal surgery (PROVHILO trial): A multicentre randomised
controlled trial. Lancet 2014, 384, 495–503. [CrossRef] [PubMed]

43. Futier, E.; Constantin, J.-M.; Paugam-Burtz, C.; Pascal, J.; Eurin, M.; Neuschwander, A.; Marret, E.;
Beaussier, M.; Gutton, C.; Lefrant, J.-Y.; et al. A Trial of Intraoperative Low-Tidal-Volume Ventilation in
Abdominal Surgery. N. Engl. J. Med. 2013, 369, 428–437. [CrossRef] [PubMed]

44. Coppola, S.; Froio, S.; Chiumello, D. Protective lung ventilation during general anesthesia: Is there any
evidence? Crit. Care 2014, 18, 210. [CrossRef] [PubMed]

45. Barbosa, F.T.; Castro, A.A.; de Sousa-Rodrigues, C.F. Positive end-expiratory pressure (PEEP) during
anaesthesia for prevention of mortality and postoperative pulmonary complications. Cochrane Database Syst.
Rev. 2014, 12, Cd007922. [CrossRef] [PubMed]

46. Karayiannakis, A.J.; Makri, G.G.; Mantzioka, A.; Karousos, D.; Karatzas, G. Postoperative pulmonary
function after laparoscopic and open cholecystectomy. Br. J. Anaesth. 1996, 77, 448–452. [CrossRef] [PubMed]

47. Trinh, Q.D.; Sammon, J.; Sun, M.; Ravi, P.; Ghani, K.R.; Bianchi, M.; Jeong, W.; Shariat, S.F.; Hansen, J.;
Schmitges, J.; et al. Perioperative outcomes of robot-assisted radical prostatectomy compared with open
radical prostatectomy: Results from the nationwide inpatient sample. Eur. Urol. 2012, 61, 679–685. [CrossRef]
[PubMed]

48. Vittimberga, F.J., Jr.; Foley, D.P.; Meyers, W.C.; Callery, M.P. Laparoscopic surgery and the systemic immune
response. Ann. Surg. 1998, 227, 326–334. [CrossRef]

49. Ng, C.K.; Kauffman, E.C.; Lee, M.M.; Otto, B.J.; Portnoff, A.; Ehrlich, J.R.; Schwartz, M.J.; Wang, G.J.;
Scherr, D.S. A comparison of postoperative complications in open versus robotic cystectomy. Eur. Urol. 2010,
57, 274–281. [CrossRef]

50. Yu, J.; Choi, J.M.; Lee, J.; Kwon, K.; Kong, Y.G.; Seo, H.; Hwang, J.H.; Park, H.K.; Kim, Y.K. Risk factors
for pulmonary complications after percutaneous nephrolithotomy: A retrospective observational analysis.
Medicine 2016, 95, e4513. [CrossRef]

51. Lawrence, V.A.; Hilsenbeck, S.G.; Mulrow, C.D.; Dhanda, R.; Sapp, J.; Page, C.P. Incidence and hospital stay
for cardiac and pulmonary complications after abdominal surgery. J. Gen. Intern. Med. 1995, 10, 671–678.
[CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/07315724.2004.10719365
http://www.ncbi.nlm.nih.gov/pubmed/15190047
http://www.ncbi.nlm.nih.gov/pubmed/15663053
http://dx.doi.org/10.1097/SLE.0000000000000521
http://www.ncbi.nlm.nih.gov/pubmed/29528947
http://dx.doi.org/10.2174/1381612824666180713104307
http://dx.doi.org/10.1016/0016-5085(86)90185-X
http://dx.doi.org/10.1067/msy.2001.112963
http://dx.doi.org/10.1097/ALN.0000000000000216
http://www.ncbi.nlm.nih.gov/pubmed/24755786
http://dx.doi.org/10.1016/s0140-6736(14)60416-5
http://www.ncbi.nlm.nih.gov/pubmed/24894577
http://dx.doi.org/10.1056/NEJMoa1301082
http://www.ncbi.nlm.nih.gov/pubmed/23902482
http://dx.doi.org/10.1186/cc13777
http://www.ncbi.nlm.nih.gov/pubmed/25029254
http://dx.doi.org/10.1002/14651858.CD007922.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24919591
http://dx.doi.org/10.1093/bja/77.4.448
http://www.ncbi.nlm.nih.gov/pubmed/8942326
http://dx.doi.org/10.1016/j.eururo.2011.12.027
http://www.ncbi.nlm.nih.gov/pubmed/22206800
http://dx.doi.org/10.1097/00000658-199803000-00003
http://dx.doi.org/10.1016/j.eururo.2009.06.001
http://dx.doi.org/10.1097/MD.0000000000004513
http://dx.doi.org/10.1007/BF02602761
http://www.ncbi.nlm.nih.gov/pubmed/8770719
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patients 
	Anesthesia Protocol 
	Surgical Protocol 
	Data Collection 
	Definition 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

