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Abstract: Telemedicine is defined as the delivery of health care and the share of medical knowledge over distance using 
telecommunications systems. One of the main purposes of telemedicine is to improve accessibility to specialty 
consultation in remote areas and to reduce the costs of traditional health practices. Telemedicine is used in 
preoperative assessment and in anesthesia with positive perceptions by patients. Furthermore the possibility to realize 
transcontinental anesthesia, represents the pathway through which geographical barriers will be no longer limiting factors 
in high quality health care delivery.  
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INTRODUCTION 

 Telemedicine is defined as the delivery of health care and 
the share of medical knowledge over distance using 
telecommunications systems [1]. The World Health 
Organization gives a more extensive definition of what should 
be considered as telemedicine, describing it as “the delivery of 
healthcare services, where distance as a critical factor, by all 
healthcare professionals using information and 
communication technologies for exchange of valid 
information for diagnosis, treatment and prevention of disease 
and injuries, research and evaluation and for the continuing 
education of healthcare providers, all in the interests of 
advancing the health of individuals and their communities [2]. 
The telephone is the oldest system connecting patients and 
physicians, but nowadays the term telemedicine is usually 
applied to practices that implement video-conferencing 
software and equipment, such us the commonly used Skype 
(TM) or Windows Live Messenger [3]. 
 One of the main purposes of telemedicine is improving 
accessibility to specialty consultation in remote areas. While 
the demand for medical care in rural areas is increasing, 
many patients cannot still access clinical consultation 
because of a lack of expertise on site. Besides, the need for 
telemedicine systems is increased by several issues, such as 
the unavailability of doctors and specialists, the poor 
communication and infrastructures, the inability of some 
patients to traveller and the scarcity of monetary resources. 
In particular, it has been observed that pediatric obesity is 
more prevalent in rural areas, where inaccessibility is the 
main obstacle to health care deliver [4, 5]. Another 
advantage of telemedicine is that it can be less expensive 
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than traditional practices. As a matter of fact, video 
consultation delivered to a rural clinic can replace an 
unaffordable travel to a tertiary healthcare centre, resulting in 
a reduction of the associated costs for patients. Besides, 
physicians may need to brainstorm about a particular case 
with colleagues with a fresher, more up-to-date, or more 
specific knowledge. In everyday life, patients at home could 
have remotely monitored several parameters, such as blood 
pressure, heart-beat, weight, blood glucose; which can be 
sent in real-time to the health care provider via 
telecommunication devices. Moreover, telecommunications 
applied to medicine open up a plethora of new possibilities, 
from continuing education to training new personnel. 

THE EARLIEST ATTEMPTS OF TELEMEDICINE 
 Some early attempts to make use of telemedicine have 
been explored since the 1970's. A two-way telemedicine 
system was experimented for consultation in anesthesia [6]. 
The aim of the system was to connect an operating room at 
the Cleveland Veteran's Administration Hospital with a 
consulting room (an anesthesia suite) at the University 
Hospitals, Case Westem Reserve University School of 
Medicine (UHC). The telemedicine system successfully 
provided voice, vision, and electronic display links between 
the two stations. The consultant could view the patient and 
the anesthetizing area through a remotely controlled camera. 
This experiment was a milestone for telemedicine, in fact, as 
the authors stated, real-time TV images were of dramatic 
relevance in anesthesia consultation and could not be 
substituted by electrocardiogram or other data transmitted 
via telephone.  
 Another interesting example of telemedicine was 
experimented at the Massachusetts General Hospital; 
physicians provided primary medical care to 1000 patients 
2.7 miles away at the Logan International Airport Medical 
Station using a two-way closed circuit television [7]. The 
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medical station at the airport was established to provide 
occupational health services to airport employees and to give 
emergency care and medical direction also to travellers. 
During the experiment, nurses were present at the medical 
station for 24h; with the possibility to ask for physician’s 
consultation on demand via telephone. A visual 
communication system was also implemented to reproduce a 
quasi-normal clinical setting (patient-doctor) with the aid of 
a visual communication transmission.  

APPLICATIONS OF TELEMEDICINE IN 
PREOPERATIVE ASSESSMENT 

 Inadequate preoperative patient evaluation can result in 
cancelling a scheduled procedure on the day of surgery; that 
is never ideal. Preadmission anesthesia consultations via 
telemedicine system can successfully account for that; in 
particular, with obese patients who usually present several 
complications [8]. 
 The University Health Network in Toronto conducted a 
pilot study in partnership with the Northern Ontario Remote 
Telecommunication Health Network. The aim of the project 
was to provide telemedicine clinical consultations to 
residents of central and northern Ontario, Canada [9]. The 
authors reported on pre-operative assessments conducted on 
a group of 10 patients in 2003. An anesthesiologist was 
present at the physician site, while a nurse assisted the 
patient at the remote site during anesthesia consultation. 
When connected to the remote site, the anesthesiologist 
could visualize, hear, and auscultate the patient using a 
digital stethoscope system, therefore he was able to collect 
the patient’s history and then to perform the examination of 
the airways, respiratory and cardiovascular system. As a 
result, all the patients and the anesthesiologists were satisfied 
with telemedicine anesthesia consultation. 
 A similar study was conducted between 1996 and 1997 
by Rollert and colleagues [10]. Forty-three patients were 
visited with telemedicine consultation for preoperative 
assessment. They defined tele-consultation’s efficiency as 
the ability to conduct surgery with general anesthesia on the 
day of the first clinic appointment, without the need of 
further preoperative testing in direct contact with the patient. 
They demonstrated that triage was correctly performed on 
100% of the patients while only 4% (2 patients out of 43) 
had to undergo extra evaluation at the hospital after 
telemedicine pre-operative assessment. One of the 2 patients, 
who needed further on site clinical exams, was a morbid 
obese 21-year-old man with inadequately controlled 
hypertension, and he was also not regularly followed-up by a 
general physician. 
 The preoperative telemedicine evaluation resulted very 
feasible, accurate, and efficient, but it is also important to 
consider the patient’s acceptance to this new technology. 
Boedeker and colleagues investigated the perception of 
telemedicine preoperative assessment [11]. Tele preoperative 
evaluation was proposed to patients, instead of travelling for 
routine anesthesia assessment. Immediately after the tele-
assessment, patients were asked to fill a validated 
questionnaire, designed to measure their feelings about the 
experience with telemedicine, especially for what concern 
technical quality, perceived efficacy, affective patient 

experience and patient preference. The study reported that 
patients accepted remote preoperative assessment services 
and showed positive perceptions in all the examined 
domains.  

REMOTE PREOPERATIVE ASSESSMENT IN OBESE 
PATIENTS 

 Although, difficult intubation rate is higher in obese than 
in lean patients [12, 13], some cohorts advocate that this 
issue is still controversial, since evidences of this 
phenomenon are not clear [14]. In patients with morbid 
obesity standard predictors of difficult intubation are not 
satisfactory. In addition to the Mallampati score (a method 
used to predict difficult intubation) [15], the neck 
circumference at the level of the thyroid cartilage is also very 
important. The co-presence of high Mallampati score and 
large neck circumference is a good predictor of difficult 
intubation. Morbidly obese patients (BMI > 40 kg/m2), with 
Mallampati class III and IV, and a neck circumference equal 
or larger than 43 cm, are more prone to difficult intubation 
[16, 17]. If accompanied with normal parameters, BMI per 
se cannot be considered a good predictor of difficult 
intubation [18, 19], but a BMI equal or above 26 Kg/m2 can 
lead to complication for what concerns ventilation through a 
bag-mask [20, 21]. In this regard, an original framework 
(including both software and procedures) has been presented 
as a pilot study at the American Society of Anesthesiologists 
annual meeting 2012 [22]. Dr. Hemmerling and his team 
developed a system, called Pre-Op Cockpit that is useful to 
remotely assess patient’s airways, and to collect patient’s 
history. The system consists of 2 stations: one at the 
physician’s end (PC-1), the other at the patient’s end (PC-2). 
PC-1 runs the Pre-Op Cockpit and communicates with PC-2 
via Skype (Skype Inc. Luxembourg City, Luxembourg). The 
software is able to automatically measure, using webcam 
snapshots, the thyro-mental distance, the mouth opening, and 
above all, the neck circumference. During the video-call it is 
also possible to assess Mallampati and Mallampati with 
phonation. Medical history is collected by filling a built-in 
predefined yes/no pattern questionnaire of diseases. The Pre-
Op Cockpit also automatically outputs BMI based on weight 
and height reported by patients. The pilot study was 
conducted on the authors themselves and showed good 
agreement with standard preoperative assessment. The same 
team is currently conducting a study to evaluate the real 
potential and accuracy of the Pre-Op Cockpit on obese 
patients undergoing bariatric surgery at Nuovo S.Chiara 
Hospital, AOUP, University of Pisa, Pisa, Italy. Preliminary 
results are encouraging. In the latter experiment described, 
researchers implemented common and broad spread 
communication technologies; consequently is reasonable to 
imagine that remote preoperative assessment will be feasible 
at patients’ home in the future. 

APPLICATIONS OF TELEMEDICINE IN 
ANESTHESIA 

 Telemedicine is not only used for preoperative 
assessment but also for remote anesthetic monitoring. As 
reported by Cone and colleagues, “A 35 year-old woman 
was admitted for cholecystectomy under general anesthesia 
in remote sector of Ecuador. Using teleconferencing 
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connection […] the managing anesthesiologist in Ecuador 
and the consulting anesthesiologist at Virginia 
Commonwealth University (VCU) shared anesthesia plan 
and airway evaluation” [23]. The patient’s airway was 
classified as difficult to intubate. Parameters such as 
electrocardiogram (ECG) waveform, oxygen saturation, 
blood pressure, breath sound, voice contact, and video 
images of the anesthesia site were recorded in Ecuador and 
transmitted in real-time to VCU. During the first attempt to 
intubate the patient, a few premature ventricular beats were 
recognized thanks to the ECG at VCU; shortly thereafter the 
arrhythmia got worse and oxygen saturation decreased. This 
trend was noted by the consulting anesthesiologist at VCU, 
and at this time both teams agreed that conscious nasal 
intubation was needed, hence, they decided to wake up the 
patient. 
 The importance of telemedicine in anesthesia is also 
shown by two case studies of liver pediatric transplant. 
These transplants were performed at the Narayana 
Hrudayalaya Institute of Medical Sciences in Bangalore, 
India, with both the pre and intra operative consultation 
provided by anesthesiologists at the Children’s Hospital of 
Philadelphia [24].  

TRANSCONTINENTAL ANESTHESIA 

 The first world remote anesthesia was performed on 
August 30, 2010 by Dr. Hemmerling and his team (MGH, 
Montreal, QC, Canada) in collaboration with the IV 
Anesthesia Department directed by Dr. Giunta (Cisanello 
Hospital, Pisa, Italy) [25]. Via standard internet connection 
and remote desktop control software, anesthesiologists from 
Montreal were connected to the operating room in Pisa. Four 
video cameras were strategically placed to monitor every 
aspect of patient care in Pisa, audiovisual data were sent via 
streaming in real-time to the physician in Montreal. Three of 
the cameras were used to monitor patient’s breathing rate 
and other ventilation parameters, vital signs (ECG, heart 
rate, and oxygen saturation) and live audiovisual of the 
surgery; while the fourth was used for special purposes. 
Differently from the studies previously mentioned, where 
there remote monitoring was only one, this experiment 
introduced an innovative key element. In this case, the total 
intravenous anesthesia was remotely controlled trough an 
automated system (Anesthesia Cockpit), which is a closed 
loop system that controls the effect of the drugs by 
monitoring appropriate parameters, such as heart rate, blood 
pressure, and level of consciousness as well as the regulation 
of anesthetic drugs infusion [26, 27]. 
 Automated anesthesia delivering systems can be also 
used to deliver proficiently anesthesia to obese patients, but 
in this case several precautions are necessary. Anesthesia 
drug dosages in obese patients are based on 3 different body 
weight calculations: the total body weight (TBW); the lean 
body weight (LBW), the ideal body weight (IBW), which is 
the ideal weight according to age, height, sex, and bone 
density. In obese patients, drug dosages of hypnotic agents 
according to the LBW is shown to be the most appropriate 
(including propofol, induction dose 1–2.5mg/kg) [28]. The 
most commonly used opioids during induction are fentanyl 
(2–6µg/kg) and remifentanil (0.1–1.0µg/kg/min), which are 
properly dosed using LBW [28]. The action of muscle 

relaxant drugs, such as rocuronium (0.6mg/kg) and 
cisatracurium (0.15mg/kg), is prolonged in obese patients 
when their dosage is based on the TBW. Therefore, dosages 
based on IBW are preferred [28]. 
 Clinically significant obesity (body mass index BMI ≥ 30 
kg/m2) incidence over industrialized population is growing at 
an unprecedented rate, since the 1970s. The prevalence in the 
United States in 2008 was about 32% [29]. Consequently, an 
increasing number of obese patients regularly undergoes 
anesthesia, which forces anesthesiologist to account for 
potential complications, especially in regard of airway 
management [20].  

CONCLUSION 

 The studies hereby presented show the progress, the 
efficacy and the advantages of telemedicine for both 
anesthesia delivery and preoperative assessment. 
Experiments like the transcontinental anesthesia represent 
the pathway through which geographical barriers will be no 
longer limiting factors in high quality health care delivery. 
Telemedicine in anesthesia already reached good 
achievements not exclusively for ASA I-II patients, but also 
for ASA III-IV patients such as morbidly obese subjects. 
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