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ABSTRACT
One of the most recent developments in surgical practice is minimally in-

vasive robotic surgery. The use of surgical robots facilitates less invasive sur-

gery. This approach to cardiac surgery offers numerous potential advantages 

to the patient, including reduced pain, shorter hospital stay and a quicker re-

turn to the day-to-day activity. Robotic surgery requires anesthesia person-

nel to incorporate various subspecialty skills to improve patient outcomes. 

In the era of minimally invasive surgery and the rising popularity of robotic 

cardiac surgeries, the cardiac anesthesiologist must be well versed with the 

various robotic systems and associated complications, have expertise in 

transesophageal echocardiography (TEE) and mastering and management 

of lung isolation techniques. Close coordination and planning with the sur-

gical and perfusion team is essential for ensuring safe patient care. This is 

a case series that serves to explain some of the anesthetic challenges that 

were encountered during the commencement of robot-assisted cardiac sur-

geries.

RESUMO
Um dos desenvolvimentos mais recentes na prática cirúrgica é a cirurgia ro-

bótica minimamente invasiva. A utilização de um robô cirúrgico facilita uma 

cirurgia menos invasiva. Esta abordagem à cirurgia cardíaca oferece inúme-

ras vantagens potenciais ao doente, incluindo a redução da dor, um menor 

tempo de internamento hospitalar e um regresso mais rápido às atividades 

diárias. A cirurgia robótica exige que o pessoal de anestesia incorpore várias 

competências de subespecialidade para melhorar o resultado do paciente. 

Na era da cirurgia minimamente invasiva e da crescente popularidade das 

cirurgias cardíacas robóticas, é imperativo que o anestesiologista cardíaco 

esteja bem familiarizado com os vários sistemas robóticos e complicações 

associadas, experiência em ecocardiografia transesofágica (ETE) e domínio 

e gestão de técnicas de isolamento pulmonar. A coordenação e o planea-

mento próximos com a equipa cirúrgica e de perfusão são essenciais para 

garantir um atendimento seguro ao doente. Esta é uma série de casos que 

serve para explicar alguns dos desafios anestésicos encontrados durante o 

início das cirurgias cardíacas assistidas por robô.

INTRODUCTION
Robotic-assisted cardiac surgery has revolutionized the field 
of cardiothoracic procedures, offering a minimally invasive 
alternative to conventional median sternotomy. In May 1998, 
the first robotic mitral valve (MV) repair was performed by 
Alain Carpentier in Paris, using an early prototype of the Da 
Vinci robotic device.1 The use of robotics has expanded to 
pericardial procedures and placements of epicardial pace-
maker leads as well.2 While performed by trained person-
nel, it can ensure safety, excellent graft patency and reduced 
postoperative pain. Robotic surgery may have longer pro-
cedural time in comparison to open surgery.3 Avoidance of 
median sternotomy and painful retractions leads to early 
recovery and quicker return to daily activities.4 However, it 
necessitates specialized techniques such as one-lung venti-
lation (OLV) for optimal visualization of the heart and me-
diastinal structures, allowing for lung isolation and facilitat-
ing a clear operative field. OLV is associated with the risk of 
hypoxemia, hypercarbia and barotrauma. Intraoperative hy-
poxemia associated with OLV during robotic cardiac surgery 
is well documented.5 The most important aspect of initiating 
OLV is correct placement of double lumen tube (DLT), using 
fibreoptic bronchoscopy as a misplaced tube defeat the goal 
of lung isolation.
This case series of nine cases aims to explore and highlight 
anesthetic challenges experienced during robot-assisted car-
diac surgeries using OLV, which is an emerging field in devel-
oping countries like India.
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CASE SERIES
A thorough preoperative assessment and diagnostic workup 
were carried out in all patients as listed in Table 1. 

Anesthetic Management 
Preoperative Anesthesia Assessment 
The perioperative plan was formulated depending upon the 
patient’s cardiac history, medical history, any pre-existing dis-
eases, plan of surgery and need for one-lung ventilation. 2D 
Echocardiography, cardiac computed tomography (CT) and 
aortogram, carotid Doppler and pulmonary function test were 
conducted before formulating the plan of surgery. Smoking 
cessation was advised to all those with a history of smoking. 
Cardiac medications were continued as per protocol.

Operation Theatre Preparation
The robotic component of the da Vinci® Xi™ (Fig. 1) includes 
multiple robotic arms, which are quite large and can interfere 
with the anesthetist’s working space, so proper positioning 
was done before handing over the patient. All defibrillator 
pads, endotracheal tubes, monitors, intravenous fluid lines, 
and invasive lines were placed and tapped properly before 
docking the robot, as after docking it becomes almost im-

possible to detect endotracheal tube dislodgement, discon-
nection of intravenous lines or starting of cardiopulmonary 
resuscitation (Fig. 2). Operation theatre (OT) was well-
equipped to counter any complications. The functional anes-
thesia workstation was kept at an adequate distance to avoid 
interference with the robotic field. All essential monitors, 
including difficult airway cart, pacemaker, various sizes of 
endotracheal tubes, working laryngoscopes, extension for in-
travenous lines, body warming devices, and infusion pumps 
were kept at bay.6 All patients were positioned supine with 
30º elevation of the thorax on the operative site. Extension 
lines were used to keep intravenous lines patent and for easy 
accessibility. Pressure padding was done and body-warming 
devices were used.

Induction of Anesthesia 
In all our patients, electrocardiography, arterial blood pres-
sure, central venous pressure, oxygen saturation, core body 
temperature, capnography, arterial blood gas analysis (ABG), 
TEE, activated clotting time and urine output were continu-
ously monitored throughout the perioperative period. Inva-
sive arterial and venous lines were placed, and external de-
fibrillator pads were applied to all. General anesthesia was 
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Table 1. Demographic data and preoperative findings of cases.

Case Age
(Yr) Sex Wt/Ht/BSA

(Kg/cm/m2) Diagnosis Surgery Co morbidities Drugs Cath/
Cardiac CT

Echocar-
diography

Carotid 
Doppler

1 48 F 53/160/ 1.53 Severe MS, Mild 
MR, NormalLV MVR Hypothyroid Metoprolol, Dytor, 

Thyroxine WNL
Severe MS, 
Mild MR, 

Normal LV
Normal

2 54 M 48/163/ 1.5 RHD Severe MR, 
Moderate MS MVR Temporo-parietal 

Glioma
Levetiracetam, Meto-
prolol, Dytor Ramipril WNL

Severe MR, 
Moderate 
MS, Mean 

Gradient 13, 
EF 55%

Normal

3 46 F 45.3/159/1.43 RHD Severe MS, 
Moderate MR MVR Nil Metoprolol, Diuretic WNL

Severe MS 
Eccentric 

MR EF 65%
Normal

4 26 M 79/162/1.84

RHD Severe 
MS, Moderate 
MR, Mild TR, 

Moderate PAH

MVR Nil Metoprolol, Lasix 
Amiodarone, Warfarin WNL

Severe MS, 
Eccentric 

MR EF 65%
Normal

5 39 F 39/148/1.27 RHD Severe 
Calcified MS MVR Solitary Kidney Lasix, Dilzem, Acitrom WNL

Severe MS 
Moderate 

MR Mild TR 
Moderate 

PAH

Normal

6 53 M 50.5/152/1.46 CAD (Single 
vessel disease)

OPCAB,LAD 
End

COPD, DM, Old 
TB

Ecospirin, Clopidogrel 
OHA, Metoprolol

90% 
occlusion of 

LAD

Concentric 
LVH, EF-60% Normal

7 49 M 53/174/1.63 OS ASD ASD Closure Nil Nil OS ASD

OS ASD 
4.2mm, 

RA And RV 
Dilated, EF 

65%

Not Done

8 28 M 74/175/1.89 OS ASD ASD Closure Nil Nil OS ASD

OS ASD 
40mm 
Normal 

Biventricular 
Function

Not Done

9 21 M 45/159/1.42 OS ASD ASD Closure Right bundle 
branch block Nil OS ASD OS ASD Mild 

PAH Not Done

Yr: years, Wt: weight, Ht: height, BSA: body surface area, MS: mitral stenosis, MR: mitral regurgitation, LV: left ventricle, RHD: rheumatic heart disease, TR: Tricuspid regur-
gitation, PAH: pulmonary artery hypertension, CAD:  coronary artery disease, OS ASD: Ostium secundum atrial septal defect, MVR: mitral valve replacement, OPCAB: 
off-pump coronary artery bypass, LAD: Left anterior descending, WNL: within normal limits, EF: ejection fraction, LVH: left ventricle hypertrophy).
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administered using intravenous induction agents, opioids, 
and muscle relaxants and the trachea was intubated using 
DLT of size 32 to 37F as per patient height and placement 
confirmed with fibreoptic bronchoscopy. Maintenance of 
anesthesia was done with fentanyl, vecuronium and inhaled 
anesthetic agents. Preoperative transthoracic echo findings 
were reconfirmed using TEE. A baseline ABG was done 
before inducing the patient, followed by periodic measure-
ments after induction of anesthesia, during double lung ven-
tilation, during one lung ventilation, during and after cardio-
pulmonary bypass (CPB)  and after completion of surgery.

One Lung Ventilation and Capnothorax
The robot-assisted procedures required continuous OLV 

technique using DLT to give easy access to the surgeon into 
the chest cavity and the pericardium. Carbon dioxide was 
insufflated in hemithorax in robotic cardiac surgeries for ad-
equate exposure of the heart and great vessels. The gas was 
insufflated with a pressure not exceeding 10 mmHg to avoid 
an excessive increase in intrathoracic pressure. Ventilat-
ing independently different parts of the lungs with different 
pressures may help force the air into atelectatic parts, reduce 
ventilation-perfusion mismatch and improve oxygenation.7 
The main challenge that we encountered while using OLV 
was hypoxemia, especially while coming off the pump. Some 
alveoli are overinflated and damaged secondary to high in-
spiratory pressure during OLV, resulting in alveolar edema.8 
Patients with ischemic heart disease who undergo coronary 
artery bypass graft are especially vulnerable during hypox-
emia and prompt treatment is mandatory to ensure the pa-
tient’s safety.9

Cardiopulmonary Bypass
Management of CPB for robotic surgery was similar to that 
of conventional cardiac surgery. The intraoperative data re-
garding the cannulation data and cardiopulmonary bypass 
data are summarised in Table 2. Arterial and venous can-
nula placements were done under TEE guidance, followed 
by monitoring of aortic root pressure and vacuum-assisted 
venous drainage. Cardioplegia was administered through 
a port in aortic cannula after which transthoracic aortic 
clamping was done. Weaning of CPB was done very carefully 
as de-airing of heart was difficult due to lack of direct access 
to the heart. Volume assessment and need for inotropic sup-
port were guided by TEE. Heparin was reversed using prota-
mine after the procedure in all the patients. We routinely give 
tranexamic acid 10 mg/kg before going on pump and 10mg/
kg after coming off pump in expected prolonged surgeries.

Post-Operative Course
All patients were shifted to the intensive care unit after chang-
ing over to single-lumen tube for elective mechanical ventila-
tion. Adequate pain relief was ensured intraoperatively with 
multimodal analgesia technique using intravenous opioids 
(fentanyl) and NSAIDS and local infiltration with bupivacaine 
0.25% at the port sites and postoperative analgesia was en-
sured with intravenous fentanyl and intravenous paracetamol. 
Once clinical and metabolic parameters were deemed fit they 
were extubated.  The details of the postoperative course and 
complications have been summarised in Table 3.

DISCUSSION 
Robotic cardiac surgical techniques with smaller incisions 
spare the patient from sternotomy and its consequences, al-
lows enhanced recovery, early mobilisation and reduced dura-
tion of hospital stay. However the anaesthesiology team needs 
to develop and perfect techniques to manage these patients 
in the perioperative period which include TEE, guidance for 
peripheral cannulation and lung isolation techniques. 
TEE provides crucial insights into baseline cardiac function, 

Figure 1. Robotic system da Vinci® Xi™

Figure 2. Intraoperative setup showing the position of anesthe-
sia workstation, tee machine, cardiopulmonary bypass machine 
and the robotic system.
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valvular lesions and can identify potential contraindications, 
such as dilated ascending aorta or severe aortic regurgita-
tion. In robotic heart surgery, TEE is essential for precise 
positioning of guide wires and cannulae during peripheral 
CPB.10 For example, while inserting the SVC cannula and 
femoral venous cannula guidewire should be visualized in 
the right atrium before attempting dilation and cannulation 
and while the femoral arterial guidewire must be confirmed 
in the descending aorta before cannulation. 
TEE is also an essential guide for the de-airing of cardiac 
chambers as the heart is not fully accessible for manual bal-
lottement technique for de-airing and for internal defibrilla-
tion in case of air induced arrhythmias
OLV plays a crucial role  in robotic cardiac surgery by provid-
ing a safer area for surgeon to conduct the procedure without 
much risk of damaging nearby structures though it is associ-
ated with potential complications like hypoxia, hypercarbia, 
barotrauma and acid-base disturbances. 

During OLV patients may experience hypoxemia and hypox-
ic pulmonary vasoconstriction subsequently. This may have 
occurred secondary to the obligatory right to left transpul-
monary shunt through the non-ventilated, nondependent 
lung.11 The hypoxemia was more during weaning off the 
bypass in 3 out of 9 of our patients experienced hypoxemia 
intraoperatively, which was corrected in subsequent gas 
analyses via providing 100% oxygen to the patients. During 
this time, intermittent positive pressure ventilation to both 
lungs was also required. Liu TJ et al conducted a study in 
patients experiencing hypoxemia during one-lung ventila-
tion for robot-assisted coronary artery bypass graft surgery. 
They reported the incidence of hypoxemia in their patients 
(4.3%), which was remarkably lower than that reported in 
other studies. Another challenge with OLV is that DLT has 
to be replaced post-surgery, which may be difficult in cases 
of difficult airway or swelling of the pharynx post bypass.12

CO2 insufflation during the procedure has been reported to 

Table 2. Intraoperative period.

Case Position Lines

SVC 
Cannula 

Size 
(French)

IVC 
Cannula  

Size 
(French)

DLT (Size, 
side, Fixed 

at cm)

Induction 
To OLV 

(Minutes)

CPB Time 
(Minutes)

Clamp 
Time 

(Minutes)

Blood 
(Yes/No)

Hemo- 
filteration 
(Yes/No)

Surgery 
Duration 
(Minutes)

1 Supine 
right up

Subclavian V, 
Fem art 16 20 35, L,27 75 284 163 Yes Y 480

2 Supine 
right up

Subclavian V, 
Fem art 17 20 35, L,28 150 328 205 Yes Y 620 

3 Supine 
right up

Subclavian V, 
Fem art 16 20 35, L,27 75 568 395 Yes Y 660

4 Supine 
right up

Subclavian V, 
Fem art 20 24 35, L,29 60 302 194 Yes Y 480

5 Supine 
right up

Subclavian V, 
Fem art 14 18 32, L,26 90 225 154 Yes Y 440

6 Supine 
Left Up

R IJV L 
Femoral NA NA 35, L,26 140 NA NA No NA 590 

7 Supine 
right up

Subclavian V, 
Fem art 17 20 37, L,29 100 131 75 No NA 330 

8 Supine 
right up

Subclavian V, 
Fem art 17 20 37, L,32 60 328 205 Yes NA 540

9 Supine 
right up

Subclavian V, 
Fem art 18 14 37, L,28 35 121 60 No NA 350 

SVC: superior vena cava, IVC: inferior vena cava, DLT: double lumen tube, OLV: one lung ventilation, CPB: cardiopulmonary bypass, V: vein, fem art: femoral artery, R: right, 
L: left, IJV: internal jugular vein, NA: not applicable).

Table 3. Intraoperative complications and postoperative period.

Case Hypoxemia 
(Yes/No)

Pacing 
(Yes/No)

DC Shock 
(Yes/No)

Bleeding  
(Yes/No)

Mechanical 
Ventilation 

Time (Hours)

ICU  
Duration

ReExploration  
(Yes/No)

Blood 
Transfusion 

(Yes/No)

Postoperative  
Issues

1 Yes No No No 11 30 Days No Yes Psychosis, Hemoptysis, 
Altered Mental Status

2 No No No Y 36 96 Hours Yes Yes Nil

3 No No No Y 32 7 Days Yes Yes Left Sciatic Neuropathy

4 No No No No 14 60 Hours No Yes Atrial Fibrillation 

5 No No Y No 16 50 Hours No Yes Nil

6 No No No No 9 63 Hours No No Nil

7 Yes No No No 18 44 Hours No Yes Nil

8 Yes No No Y 11 65 Hours No Yes Headache, VPCs

9 No No No No 3.3 25 Hours No No Nil

DC: direct current, ICU: Intensive Care Unit, VPCs: ventricular premature complexes.
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cause gas embolism in other types of robotic surgery.13 How-
ever none of our patients had experienced any complication 
secondary to CO2 insufflation. Higher CO2 insufflation pres-
sures have been seen associated with a decline in cardiac in-
dex and hemodynamic consequences. Hemodynamics can 
be improved with judicious use of fluid and inotropes. 
None of the patients who underwent robotic cardiac surgery re-
quired pacing. DC shock was administered to only one patient 
undergoing mitral valve replacement surgery. The majority of 
our patients required blood transfusion as it is very common 
in cardiac surgeries due to the nature of the surgery, low pre-
operative hematocrit in our patient subset, length of CPB, use 
of antiplatelet agents etc. Although operative time was longer 
compared to conventional technique due to the initial learn-
ing curve of the surgeons, postoperative complications such as 
left sciatic neuropathy, headache, premature beats, psychosis, 
altered sensorium and hemoptysis were low and the majority 
of the patients had uneventful stays in the Intensive care unit. 
Perioperative analgesia was ensured to all the patients to help in 
smooth emergence and successful extubation.

CONCLUSION
In the era of minimally invasive surgery and rising popular-
ity of robotic cardiac surgeries it is imperative for the cardiac 
anesthesiologist to be well versed with the various robotic sys-
tems and associated complications, expertise in transesopha-
geal echocardiography and mastering and management of 
lung isolation techniques. Close coordination and planning 
with the surgical and perfusion team is essential for ensuring 
safe patient care. 
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