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Abstract

Introduction: Robotic-assisted radical cystectomy (RARC) is increasingly utilized in the management of bladder
cancer (BCa) and prior studies have demonstrated steep Trendelenburg positioning can result in significant
cardiopulmonary perturbations. We sought to determine the physiologic changes encountered in BCa patients
undergoing RARC.

Materials and Methods: Consecutive patients undergoing RARC were identified with key intra-operative parameters
recorded (end-tidal carbon dioxide tension (EtCO2), peak inspiratory pressure (PIP), and mean arterial pressure
(MAP)) and compared between time points throughout the surgery. Multivariate linear regression was used to
determine clinical and tumor characteristics associated with significant cardiopulmonary change.

Results: 61 patients were included in the analysis. Mean change inEtCO2 (+5.2 mmHg), PIP (+11.2 mmHg), and MAP
(+14.2 mmHg) were significantly elevated in Trendelenburg vs. supine positioning, respectively (all p<0.01). Female
gender was associated with increased PIP from T1 to T4 (p=0.002) while heavy smoking history resulted in decreased
PIP (p=0.02). Age range of 60-69 was associated with significantly lower EtCO2 (p=0.02). There were no significant
trends in MAP seen on univariate analysis. On multivariate analysis female gender remained an independent risk for
elevated PIP (p=0.048) and increasing age was significantly associated with elevated MAP (p=0.02). One patient
required open conversion for poor pulmonary tolerance.

Conclusions: Trendelenburg positioning during RARC was associated with significant changes in several
perioperative parameters however; all variables remained within clinically allowable ranges. Conversion to open
cystectomy in this cohort was rare suggesting the safety of steep Trendelenburg positioning in this highly comorbid

population.
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Introduction

Robotic-assisted radical cystectomy (RARC) has been
increasingly utilized in the management of muscle
invasive bladder cancer [1,2]. Compared to conventional
open cystectomy, RARC offers the potential to reduce
perioperative complications while maintaining
comparable surgical and oncological outcomes [3,4].
Optimal surgical exposure in RARC is aided by placing the
patient in the steep Trendelenburg position, employing a
head-down tilt up to 45° In combination with several

hours of intra-abdominal carbon dioxide (CO2)
insufflations, this position can cause significant
perturbations in respiratory and hemodynamic

parameters.

CO; pneumoperitoneum by itself has well-described
effects on cardiovascular parameters including elevations
in mean arterial blood pressure (MAP), heart rate (HR),
central venous pressure, and pulmonary capillary wedge
pressure [5-8]. Further, pneumoperitoneum combined
with steep Trendelenburg positioning(as seen in the
robotic-assisted laparoscopic prostatectomy (RALP) and
robotic hysterectomy literature)has demonstrated altered
respiratory physiology [9-11] with reductions in lung
volumes and compliance [6,9,10,12]. Compared to
patients undergoing RALPor robotic hysterectomy
however, patients with bladder cancer often present with
advanced age and increased comorbidities, leading to
decreased cardiopulmonary functional status [13,14].
Therefore, bladder cancer patients may lack the necessary
cardiopulmonary reserve to withstand prolonged
pneumoperitoneum and Trendelenburg positioning.

The present study investigates changes in pulmonary
and hemodynamic parameters during RARC in the steep
Trendelenburg position. We hypothesize that the
cardiopulmonary stress brought on by steep
Trendelenburg positioning during RARC will lead to
significant changes in key measures of cardiopulmonary
function.

Methods

Study Population

Institutional Review Board approval was obtained
(#7892) and retrospective chart review was performed
on all patients undergoing RARC for muscle invasive
bladder cancer between January 2010 to December 2013
(N=64). Three patients required open conversion for
surgical reasons and were excluded from analysis (failure
to progress). One patient was converted to open due to
poor pulmonary tolerance (after 2.5 hours steep
Trendelenburg) but given the aims of the study was

Cardiopulmonary Effects of Trendelenburg Positioning
in Robotic Assisted Radical Cystectomy

included in the analysis. Clinical variables on the
remaining 61 patients were examined including
demographics (race, age, gender, body mass index (BMI)),
comorbidities (diabetes mellitus, pulmonary disease,
cardiovascular disease, history of smoking), and tumor
characteristics including clinical stage and use of
neoadjuvant chemotherapy. Pulmonary disease was
defined as documented chronic obstructive pulmonary
disease (COPD), restrictive lung disease, obstructive sleep
apnea requiring the use of a CPAP machine, or a history of
abnormal pulmonary function testing. Cardiovascular
disease included coronary artery disease, history of
myocardial infarction, congestive heart failure, or a
documented history of systolic or diastolic dysfunction.
Smoking status was defined as “never smoker”, “former
smoker, fewer than 20 pack-years”, and “active smoker or
greater than 20 pack-year history”.

Anesthesia

In the operating room, routine monitors were applied
to each patient including 5-lead ECG, pulse oximetry, and
a non-invasive automated arterial blood pressure cuff.
General anesthesia was induced with intravenous
propofol, fentanyl, and muscle paralytics, with transition
to inhalational anesthetics as appropriate. Patients were
then intubated in standard fashion and placed on volume
control ventilation.

Surgery

RARC was performed using the day Vinci Surgical
System (Intuitive Surgical, Sunnyvale, CA, USA) via
transperitoneal approach. The abdomen was insufflated
with carbon dioxide with the patient in the supine
position and transitioned to steep Trendelenburg position
with 45 degrees of head-down tilt after port placement.
Robotic cystectomy and pelvic lymph node dissection
were performed in standard fashion [15]. Once all
pathologic specimens were removed, the robot was
undocked and the patient was placed into supine position
for extracorporeal urinary diversion.

Data Collection

Intraoperative parameters collected from anesthetic
records included heart rate (HR, beats per minute), mean
arterial pressure (MAP, mmHG), respiratory rate (RR,
breaths per minute), end-tidal carbon dioxide tension
(EtCO2, mmHG), and peak inspiratory pressures (PIP,
mmHG). Patient parameters were recorded 10 minutes
after induction in supine position (T1), and again at one-,
two-, four-, and six-hours into procedure (termed T2, T3,
T4, and T6, respectively). Patients remained in the steep
Trendelenburg position at times T2, T3, and T4, and were
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returned to supine position by T6. Clinical staging was
based on TNM classification from American Joint
Committee on Cancer (AJCC, Chicago, Illinois, 7th edition).
Clinically acceptable ranges of commonly monitored
intraoperative parameters are shown in Table 1 [16-18].

Normal Cardiopulmonary Parameters Previously
Described

End-tidal CO, (EtCO2) 35 - 45 mmHg?é

Peak Inspiratory _ 17
Pressure (PIP) 25 - 40 mmHg
Respiratory Rate _ 17
(RR) 12 - 20 bpm

Heart Rate (HR) 60 - 100 bpm!8

Mean Arterial

- 18
Pressure (MAP) 70 - 110 mmHg

Table 1: Normal Cardiopulmonary Parameters Previously
Described.

Established reference ranges for collected pulmonary and
hemodynamic Parameters. 1¢18mmHG: millimeters
mercury, BPM: breaths per minute and beats per minute for
RR and HR, respectively.

Statistical Analysis

Means with standard deviations were calculated for
each parameter at all time points. In depth analysis was
focused on T1 and T4 (post-induction, supine position vs.
four hours into procedure, steep Trendelenburg position).
Differences of patient groupings were compared by
univariate linear regression. Multivariate Cox regression
analysis with age as a continuous variable and smoking
status as a binary variable (>20 pack-years or active vs.
<20 pack-years or non-smoker) was performed adjusting
for age, gender, BMI, neoadjuvant chemotherapy, known
pulmonary disease, and smoking status. Due to various
missing data points, calculations were based on N of 50,
51, and 51 for MAP, EtCO2, and PIP calculations,
respectively. All statistical analyses were conducted using
STATA software, Version 12 (STATA, Inc., College Station,
TX).

Results

Patient demographic data are shown in Table 2. This
cohort was predominantly male (75.0%), elderly (mean
age 61 (range 37-86)) and nearly half of the cohort
reported active or heavy past smoking use. Eleven
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patients (18%) required ICU admission after surgery.
Summarized mean changes at all time points are shown in
Supplementary Figure 1. Significant mean (SD, % change)
increases were seen across all parameters from T1 to T4
(all p<0.01): HR +12.6 (* 12.2 bpm, 22%), MAP +14.2 (+
15.0 mmHg, 23%) RR +3.3 (+ 3.0 bpm, 36%), PIP +11.2 (+
5.3 mg/dL, 56%), and Et CO;+5.2 (+ 5.4 mg/dL, 18%).
One patient required conversion to open cystectomy 2.5
hours in to procedure due to poor pulmonary tolerance
(persistently elevated PIP to 40mmHG despite
recruitment maneuvers, albuterol, and decreased
insufflations by surgical team). In the remaining patients,
all mean values remained at the upper level of clinically
acceptable limits (Table 1).

Baseline Characteristics of RARC Patients
Category Patients (N=61) (%)
Medlan(,;\{tgrlrrel Zz )Surgery 66 (37-86)
Gender
Male 46 (75)
Female 15 (25)
Age (years)
<60 17 (28)
61-69 20 (33)
270 24 (39)
Body Mass Index (kg/m?)
<30 41 (67)
230 20 (33)
Clinical Stage
<T2 41 (67)
>T2 20 (33)
Smoking Status
Never Smoker 19 (31)
<20 Pack-Year History 13 (21)
220 Pa(c)l:}:(:tail::llstory 29 (48)
Comorbidities
Pulmonary Disease 11 (18)
Diabetes mellitus 9 (15)
Cardiovascular Disease 11 (18)

Table 2: Baseline Characteristics of RARC Patients.
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Numbers in parentheses equal % unless otherwise noted. RARC: robotic assisted radical cystectomy; Kg/m2:
kilograms per meters squared.

Mean Change of Cardiopulmonary
Parameters During RARC
110 |
100 |
. 90 |
Z 80
E 70 ¢
g :g f ® EtCO2 Mean
s 0]
; 40 r B PIP Mean
i_‘_}' 30 | MAP Mean
20
10
o ! - - - - -
T1 T2 T3 T4 T6
(Supine, (Returned
Start) Supine)

Supplemental Figure 1: Mean changes (% standard deviation error bars) of measured cardiopulmonary
parameters (EtCO2, PIP, MAP) from T1-T6 during RARC are shown. RARC: robotic assisted radical
cystectomy; mmHG: millimeters mercury; EtCO2: end-tidal CO2; PIP: peak inspiratory pressure; MAP: mean
arterial pressure.

Pulmonary parameters

On univariate analysis (Table 3), female gender was On multivariate analysis, female gender remained
associated with significant increases in PIP from T1 to T4 significantly associated with an adjusted mean increase of
(p=0.002) while heavy smoking status was associated 4.2 mmHG in PIP compared to men (p=0.04). There were
with significantly decreased PIP (p=0.02). Patients aged no significant findings relative to Et CO; change on
60-69 years of age at the time of surgery were noted to multivariate analysis.
have a significantly decreased EtCO2 compared to the
other age groupings (p=0.03).
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Cardiopulmonary Changes During RARC

MAP Mean A ETCO2 Mean A PIP Mean A
T1-T4 (N=50) T1-T4 (N=51) T1-T4 (N=51)
Gender
Male 14.5+115 50+5.9 10.0+5.1
Female 13.2 £23.7 58+3.6 15.2 + 3.7*%
Age (years)
<60 129+ 19.5 7.8+5.4 10.7£5.6
60-69 8.5+15.6 34 +4.7* 11.7+6.1
270 19.3+9.2 50+£55 11.2+4.6
Body Mass Index (kg/m2)
<30 12.6 +13.5 56+5.7 11.1+£5.6
230 17.2+17.6 4.6+5.0 11.4+£49

Clinical Stage

<T2 11.9+148 4.6 +4.3 109 £5.5
>T2 20.1£145 69+7.6 12.0 +4.7
Smoking Status
Never 14.4 +20.5 5.1+4.0 13.5+4.2
<20 Pack Years 16.5+13.6 6.5+3.4 119+6.8
220 Pack Years or Active 13.0+11.9 47+6.7 9.6 + 4.7*

Pulmonary Disease

No 14.3 +15.9 49+3.8 11.7 £5.1
Yes 13.8+11.1 6.8+10.3 9.0+6.0
Cardiovascular Disease
No 14.3 +15.7 54+57 11.6 £5.3
Yes 13.7+4.1 42+1.4 9.7+1.8
Neoadjuvant Chemotherapy
No 11.7+12.8 40+45 10 +5.7
Yes 15.3+16.0 5.7+5.7 11.8+5.1

Table 3: Cardiopulmonary Changes during RARC.

Unadjusted mean change in MAP, EtCO2, and PIP from T1 (supine, post-induction) to T4 (steep Trendelenburg position, 4
hours in to cystectomy). Data expressed as means # standard deviation. Due to missing data, the number of patients for
calculation is clarified in each column (N). P-values calculated with linear regression, with top row as referent within
each covariate.*Denotes significance (p<0.05). RARC: robotic assisted radical cystectomy; Kg/m?: kilograms per meters
squared.
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Hemodynamic parameters

Univariate analysis of MAP change revealed no
statistically significant findings though increases relative
to BMI, clinical stage, and neoadjuvant chemotherapy
were seen. Interestingly, there was no linear trend based
on age groupings on univariate analysis however, on
multivariate analysis, with age as a continuous variable,
there was a significant increase in MAP with increasing
age (p=0.02).

Discussion

RARC offers a number of potential advantages to
traditional open radical cystectomy, including reduction
of perioperative bleeding and pain while maintaining
oncological results and efficacy [3,4,19,20]. As a result,
RARC has been increasingly utilized in the management of
muscle invasive bladder cancer [1,2]. In order to provide
optimal surgical exposure, this procedure requires
positioning in steep Trendelenburg for several hours with
known alterations in cardiovascular physiology [5,10,12].
The safety of steep Trendelenburg positioning in bladder
cancer patients undergoing RARC, who often present with
chronic cardiovascular and pulmonary comorbidities
[13,14] has not been well described. The present study
demonstrated  prolonged positioning in  steep
Trendelenburg during RARC is associated with significant
elevations in key pulmonary and hemodynamic
parameters (PIP, EtCO2, and MAP) however these
changes remain in clinically acceptable ranges. These data
support that RARC is indeed safe in this population of
high comorbidity.

Significant elevations in PIP following prolonged steep
Trendelenburg position is consistent with findings in
other studies [6,10,12,21] and may be dependent upon
the type of ventilation used (volume vs. pressure control)
[22]. Subjecting the patient to steep head-down tilt causes
compression of the thoracic cavity by exacerbating the
pneumoperitoneum-induced cephalad displacement of
the diaphragm and abdominal contents. These factors
reduce the compliance of the lung-chest wall system,
leading to increased airway resistance and resultant
elevated inspiratory pressures. In the present study,
female gender was found to be a significant risk factor for
change in PIP. Women characteristically have lower lung
volumes and capacities than men even when matched for
height and weight [23]. Further, lung volumes and
functional residual capacity (FRC) are reduced
intraoperatively secondary to anesthesia, paralysis,
pneumoperitoneum, and head-down tilt [9] and it is
possible that the lower baseline FRC seen in women is
more susceptible to falling below the closing capacity of
the lungs, resulting in higher PIPs. The finding of
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decreased PIP on univariate analysis in heavy smokers
compared to non-smokers may be explained by altered
pulmonary physiology brought on by cigarette smoking.
Tobacco abuse leads to loss of elastic tissue and lung
recoil (increased compliance), which may lead to
comparatively lower PIP levels.

The significant increase in Et CO2 from T1 to T4
observed in the presentseries is consistent with findings
from other studies [10,12,24]. Kalmar et al. studied the
correlation between Et CO2 and PaCO2 in patients
subjected to steep Trendelenburg positioning, and found
an actual underestimation of true arterial carbon dioxide
tension with increasing levels of Et CO2 [12]. Therefore,
management of ventilator settings to maintain EtCO2
within safe limits is especially critical in these patients. In
our study, higher peak EtCO2 levels were found in
patients with known pulmonary disease, likely a result of
these patients exhibiting carbon dioxide retention at
baseline. Regardless, mean EtCO2 remained within safe
limits at all times in our series.

MAP was notably increased (+14.2 mmHG) from T1 to
T4 with steep Trendelenburg positioning. This increase
may be caused by both pneumoperitoneum (increase in
intra-abdominal pressure increases after load through
compression of the aorta [25]) and Trendelenburg
positioning itself (increased sympathetic tone is seen
following pneumoperitoneum and Trendelenburg as a
response to hypercapnia and peritoneal stretching [26]).
Additionally, there is evidence other mediators including
humoral effectors may play a role in this physiology [26].
These findings are consistent with previously reported
studies involving RALP [6,10,12].The present study found
older age to be associated with elevations in MAP on
multivariate analysis. Elderly patients may lack the
physiologic reserve necessary to tolerate large
perturbations in blood pressure due to the attenuation of
vascular responsiveness and the baroreceptor reflex seen
with aging.

There are several limitations to this study. Due to the
retrospective nature, heterogeneous anesthesia protocols
were used between different patients and the anesthetic
agents used, dosages, and ventilator settings throughout
each case were chosen as deemed necessary to optimize
patient health and safety. In addition, only routinely
collected parameters were available to us, leaving
valuable advanced markers such as pulmonary dynamics,
cardiac output, systemic vascular resistance, and arterial
blood gas tensions unavailable. In addition,
documentation of insufflations relative to patient
positioning was often not charted making us unable to
distinguish the independent effects of pneumoperitoneum
and steep Trendelenburg positioning. Finally, this is a
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single institutional review where inherent selection bias
cannot be ruled out. Our cohort experienced only one
patient requiring open conversion due to pulmonary
difficulties, which may be an underestimation of the true
population risk.

In conclusion, this retrospective study of patients
undergoing RARC revealed prolonged
pneumoperitoneum and steep Trendelenburg positioning
significantly altered intraoperative cardiopulmonary
dynamics yet all parameters remained at the upper level
of clinically acceptable limits. This supports the safety of
RARC in this highly comorbid population of bladder
cancer patients. Future prospective trials will help further
quantify the physiological effects of steep Trendelenburg
positioning in patients undergoing RARC, as well as
evaluate pertinent risk factors for adverse perioperative
outcomes.
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