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Abstract
Surgical learning curve signifies how fast a surgeon acquires proficiency and improves the surgical 
skills. It provides an objective assessment of technical competence and depends on many factors. 
In ENT and Head and Neck robotic surgery, the learning curve is unique for a particular surgery. 
Multiple parameters of learning curve has been established and studied. An Otorhinolaryngologist 
performing few robotic surgeries will have longer learning curve as compared to someone who is 
performing these on a routine basis. Training the surgeons in robotics can achieve the expertise 
early as compared to conventional training. The data to support various parameters for evaluating 
learning curve in robotic surgery is scant in literature. There is a crucial role of training in making 
the learning curve shorter. A standardized training program can improve surgeon’s performance, 
shorten a trainee’s learning curve and improve patient outcomes.
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Introduction
The concept of learning curve

Learning curve can be defined as the relationship between time and competence acquisition. It 
can be easily depicted with a simple curve having a starting point, a slope and a plateau [1]. Starting 
point is the initial phase of slow learning, when the surgeon starts performing new procedure, 
finds it more difficult and takes longer time. Then follows a slope of quick learning where rapid 
improvement is seen and depends on how a surgeon learns the procedure. Finally, when the surgeon 
deems enough experience, a plateau stage is reached.

Surgical learning curve signifies how fast a surgeon acquires proficiency and improves the 
surgical skills with chronological number of cases he/she performs. Learning curve also provides 
an objective assessment of technical competence in performing a particular surgery or procedure.

In surgical field learning curve depends on many factors like training intensity, surgeon’s team, 
surgical procedure, operative time, technical efficiency, patient outcome and previous experiences 
of the surgeon [2-4]. The learning curve is used for various purposes besides as a technique of cost 
reduction like work scheduling and time management, material requirement planning, training 
program for young surgeons, cost estimation and capital requirement planning. In this paper, our 
objective is to review the impact of learning curve of robotic surgeries for various procedures in 
ENT and head and neck surgery and also our tertiary care institute’s experience.

Learning curve in ENT and head and neck robotic surgery
The learning curve of robotic surgery in Otorhinolaryngology has not yet been clearly defined 

and not many studies have stressed on it till now. In India not even a handful of ENT surgeons are 
doing it.

In ENT and Head and Neck robotic surgery, the learning curve is unique for a particular surgery 
because some robotic procedures are intrinsically more complicated and demanding than others. 
For example, achieving success in Transoral Robotic Surgery (TORS) can take more time and more 
number of cases as compared to trans-axillary robotic thyroidectomy and hence the learning curve 
of the latter is considered to be less steep [5]. Achieving expertise in robotic neck dissection may 
require more cases than required for robotic thyroidectomy. Similarly learning curve for robotic 
thyroidectomy can be unique for different approaches and thus any new surgical technique is 
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contingent to a learning curve. So it can be used to compare different 
surgical approaches like time required to attain expertise in each 
approach. For example, transaxillary thyroidectomy can have shorter 
learning curve as compared to retro auricular, facelift or transoral 
approach as they are technically more demanding.

A freshly trained Otorhinolaryngologist performing robotic 
surgeries in ENT and head and neck surgery under the guidance 
of well-trained senior robotic surgeon will have different output as 
compared to a senior Otorhinolaryngologist who started performing 
robotic surgeries without any expert guidance. Although not much 
studies are available in ENT and Head and Neck Surgery per se, 
but according to a study in an urology institute (Vattikuti Urology 
Institute, USA), a fellow who is observing robotic surgeries with 
minimal experience in conventional surgeries may have a shorter 
learning curve for robotic surgeries as compared to someone with 
more experience in conventional surgeries [6].

Role of training in learning curve
The intensity of the training has a major impact on the output and 

likely shortens the learning curve. The importance of the specialized 
training programs in robotics should be emphasized. Robotic 
technology has unique learning curve profile for training surgeons 
and the criteria for credentialing should be well defined. Various 
studies have proven the enhancement of robotic surgical skills after 
systematic training with surgical robotic system [7-9]. The robotic 
training should be in a systematic and stepwise curriculum starting 
from observation and assisting followed by robotic console training 
and independent practice under supervision of expert robotic 
surgeons, so that the learning curve can be effectively minimized. 
Each step to be mastered independently before proceeding with the 
final surgery. This systematic training will minimize the learning-
associated morbidity, helps in developing more skillful movements of 
surgeon, improvement in machine and tooling and better operation 
sequences.

Simulator-based training can make an effective impact on 
developing and improving the robotic skills in ENT and Head and 
Neck Surgery. Simulation based training can improve the initial 
surgical learning phase of training, early stabilization in performance 
and thereby minimizing performance errors. It is not only beneficial 
to the trainee, but an experienced robotic surgeon can also improve 
their skills in the operating room by practicing simulator-based 
difficult exercises. A stepwise learning, initiating from mentoring and 
subsequently to proctorship will be influential. Still there is a lack of 
standardization in training of robotic surgeons but every possible 
effort should be made to shorten the learning curve.

In India there is a lack of formal head and neck robotic training 
centers in India and lack of dual consoles and cadaver labs is one of 
the reasons for longer learning curve among young surgeons. That is 
why India is not able to produce a lot of robotic surgeons in this field.

Probable parameters of learning curve
Few published studies have considered console or operating 

time as a measure of surgeon’s improvement and learning curve for 
a particular procedure [10,11]. We can assume that the operating 
time becomes less as the surgeon performs any particular surgery 
on a routine basis more frequently and also it takes around 20 to 40 
cases to declare the end of the learning curve. Likewise in ENT and 
head and neck surgery, operating or console time is short for TORS 
for OSA (obstructive sleep apnea) whereas for neck dissection, it is 

relatively longer. The parameters like conversion rates, intraoperative 
and postoperative complication rates including functional outcomes, 
surgeon’s ergonomics, hospital length of stay and training curve 
plateau can be used for comparing the learning curve.

Cumulative Sum (CUSUM) learning curves takes failure 
rate (such as positive margin in malignant cases) in account for 
monitoring quality of surgery and accepted as a relevant measure of 
learning curve [11]. Albergotti et al. used CUSUM in their study and 
concluded that 15 to 40 cases of TORS for squamous cell carcinoma 
of the oropharynx are required to reach the peak of learning curve 
and is always surgeon specific.

No doubt, an Otorhinolaryngologist performing few robotic 
surgeries will have longer learning curve as compared to someone who 
is performing these on a routine basis. The outcome of the surgeries 
can be evaluated as the experience of the robotic surgeon increases. 
The complication rates and operative times can be compared from 
earlier surgeries performed by the same surgeon with that performed 
later in the learning curve.

With the introduction of any new surgical technique or approach, 
there is an anticipated learning where robotic surgeon achieves 
expertise in the technique which has not been developed completely 
yet. It is typically steepest in the beginning, when the surgeon is 
gaining new skills and eventually achieves a plateau stage with 
increase in frequency of cases when operating time, complication 
rates and outcomes have stabilized. For these procedures and 
approaches the learning curve will be different from well-established 
surgical technique. Here surgical process can be taken as a parameter 
to measure the learning curve.

Transoral robotic surgery (TORS)
With the introduction of Transoral Robotic Surgery (TORS) in 

ENT and head and neck surgery, the technique is being increasingly 
used for treating a range of benign and malignant lesions of pharynx 
and larynx transorally [12].

In 2015, the American Head and Neck Society (AHNS) 
Education Committee, American Academy of Otolaryngology-
Head and Neck (AAO-HNS) surgery Robotic Task Force, and 
AAO-HNS Sleep Disorders Committee proposed the guidelines for 
training and credentialing robotic head and neck surgeons, which 
suggested a minimum 20 cases (10 bedside and 10 console) of TORS 
for residents and fellows in TORS training program or 2 proctored 
cases for surgeons who completed approved training courses [13]. O’ 
Malley and Weinstein suggested that for TORS, one should perform 
minimum 20 cases to reach the plateau of the learning curve [14]. 
A 4-year (2013-2017) learning experience of Isenberg et al. in TORS 
for Oropharyngeal Squamous Cell Carcinoma (OPSCC) showed 
a decline in overall complication rates due to surgical learning 
experience with time [15].

Because of high costs of surgical Robot and the instruments like 
FK-WO Laryngo-Pharyngoscope retractor there are not many robotic 
head and neck centers in India. Only few large corporate hospitals 
have the facility. As we are performing more number of cases with 
time in our tertiary care centre, we are experiencing improvement in 
the technique and approaching the plateau of the learning curve. We 
are improving in terms of operating time, patient outcomes, decrease 
of hospital stay, efficiency in the resection of the tumor or lesion and 
decrease in overall complication rates.
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Transoral robotic surgery (TORS) for obstructive sleep 
apnea (OSA)

It has been observed in our personal experience, that TORS for 
OSA seems to have shorter learning curve among all ENT and head 
and neck robotic surgeries and plateau can be achieved more rapidly 
as compared to other conventional open approaches available for 
OSA.

One of the limitations for open approaches in OSA is its 
steep learning curve. Open approaches are limited by instrument 
maneuverability, high morbidity and longer hospital stay. Use of da 
Vinci system alleviate these disadvantages. The current robotic system 
provides an excellent stereoscopic vision which has a distinct impact 
on learning of TORS. Other advantages being depth perception, 
excellent instrumental maneuverability, elimination of physiological 
tremors and better ergonomics [16]. Patient outcomes in terms of 
blood loss, hospital stay and improvement in Apnea-Hypopnea 
Index (AHI) after TORS are few variables to measure the learning 
and can be compared against open approaches. During our 3-year 
learning experience (November 2016 to November 2019) of TORS 
for OSA with the da Vinci system, we have observed a change and 
improvement in terms of complications, hospital stay and operative 
times. More than 100 TORS has been performed in our tertiary 
institute and a constant improvement has been noticed in last 70 to 
80 cases. We were able to perform wider resections of base of tongue 
without complications with more confidence and this resulted in 
excellent outcomes.

Robotic thyroidectomy
Thyroidectomy is one of the common procedures performed 

by an Otorhinolaryngologist. It is performed more commonly for 
benign thyroid nodules or colloid goiter. The conventional cervical 
approach for thyroidectomy leaves a visible inevitable bad scar over 
neck. And now patients are much aware that scar-less thyroidectomy 
is being performed in robotic centers and opting for the same for 
better cosmesis but in India it numbers less than TORS because of 
lack of awareness in public and criticism in physician community.

Robotic thyroidectomy via any approach remains technically 
demanding and more challenging than conventional thyroidectomy. 
But provide several added advantages over conventional and 
endoscopic techniques like stereoscopic 3D magnified vision, 
motion scaling, excellent ergonomics and meticulous surgery can be 
performed using endowrist arms having 7 degrees of freedom [17]. 
Various studies have shown advantages of robotic thyroid surgery 
over conventional, because of its excellent cosmetic outcome, reduced 
neck pain and a minimal swallowing discomfort [18,19].

Robotic thyroidectomy is performed via various approaches. 
Transaxillary approach was the first approach developed for robotic 
thyroidectomy; followed by retroauricular and facelift approaches. 
For the last few years transoral approach is being developed for 
accessing thyroid gland. Creating a sufficient ‘working space’ in 
robotic thyroidectomy is one aspect which can modify the learning 
curve. The surgeon must learn the extent of working space required 
for performing the surgery successfully without collisions of inter-
arms of robot.

When operative time is considered as a parameter for 
thyroidectomy, robotic thyroidectomy is limited by a steep learning 
curve. Generally operative time is the time from the incision to the 
closure. But for robotic thyroidectomy, operative time is calculated 

from making the tunnel, resecting the gland till closure of the 
tunnel. Various studies have shown more operative time for robotic 
thyroidectomy as compared to conventional thyroidectomy [20].

Kim et al. [21] in their study performed 100 cases of robotic total 
thyroidectomy via bilateral axillo-breast approach; they concluded 
that robotic total thyroidectomy was performed effectively and 
safely after 40 cases. Kang et al. [22] showed that 45 to 50 robotic 
thyroidectomy procedures are required to reach the plateau of 60 min 
of console time. In another study Lee et al. concluded that, performing 
50 robotic total thyroidectomy by a single surgeon markedly decreases 
the operation time and complication rate. Park et al. [23] showed 
in their institutional study that recently graduated fellow surgeons 
with little or no experience in endoscopic surgery performed better 
and the results were comparable to those of experienced surgeons 
after performing 20 cases of robotic thyroidectomy. According to 
Giannopoulos et al. [20], transaxillary robotic thyroidectomy has a 
steep learning curve and progress can be achieved with the first 10 
cases in terms of operating times.

Robot-assisted neck dissection
Robot-Assisted Neck Dissection (RAND) is the newly developed 

robotic technique for regional metastasis in head and neck cancers 
however very limited studies are available in this context [24-27]. 
Considering the technical complexity of the procedure, even a 
seasoned head and neck surgeon might have to experience a long 
learning curve, especially if they do not have enough endoscopic 
surgery experience.

In a 3 year (2010 to 2013) single institutional study, Kim et al. 
[28] observed a significant decrease in mean operation time with 
experience, mean length of hospital stay and mean amount of 
drainage. They analyzed both Modified Radical Neck Dissection 
(MRND) and the Selective Neck Dissection (SND) in their study.

In our tertiary care hospital we have not been doing robotic neck 
dissection but planning to start in a couple of months.

Conclusion
The question arises whether a fresh ENT surgeon in his/her early 

phase of learning curve can attain the plateau at the same pace as a 
well experienced surgeon. Many skilled ENT robotic surgeons believe 
that training the surgeons in robotics can achieve the expertise early 
as compared to conventional training. There is no standard method 
of measurement of learning curve and it is totally dependent upon 
the surgeon, when he becomes dexterous with the robotic procedure. 
The data to support various parameters for evaluating learning curve 
in robotic surgery is scant in literature. Only few studies of learning 
curve assessment are available in ENT and head and neck robotics. 
There is a need to set established parameters and quantitative 
methods for standardizing the assessment of learning curve in ENT 
and head and neck robotic surgery. The parameters of learning curve 
assessment in context to disease extent and pathology (benign or 
malignant) should be established separately.

However, as per our institutional experience there seems to be 
a general agreement that an otolaryngologist can safely perform 
successful robotic procedure after 25 to 30 cases but this can vary 
from procedure to procedure. Simulation-based exercises and a 
standardized training program can improve surgeon’s performance, 
shorten a trainee’s learning curve and improve patient outcomes.
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