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A B S T R A C T   

Introduction: Recently, telemedical services are increasingly used. It remains unclear, if outpatients in general 
surgery can be treated via telemedicine (e.g. telework). We aimed to evaluate, if diagnosis and therapies of 
outpatients in general surgery can be found using a mobile healthcare communication app instead of personal 
contact. 
Material and Methods: In a prospective, double blind, anonymized clinical study we included consecutive out-
patients at a general surgery department at a university hospital. For the telemedical “treatment” the on-site 
doctors uploaded variables (e.g. anamnesis, radiograph, etc.) for each patient. The telemedical doctor 
received the information only via app and did not see the patient physically. Both, the doctor on-site and the 
virtual telemedical-doctor then uploaded the diagnosis and their suggested therapy – blinded to each other. The 
outpatient received the on-site treatment only. The virtual treatment was solely for scientific purposes and had 
no therapeutic impact. 
Results: 225 consecutive surgical outpatients (53 % female and 47 % male) were included. Mean age was 61 
years. In 84 % of cases the telemedical diagnosis matched the on-site diagnosis. The telemedical treatment was 
not inferior as compared to the on-site treatment in 94 % of all cases and the same therapy was proposed in 76 %. 
In 6% of all cases the telemedical therapeutic regimen could possibly harm or lead to an over- or under treatment 
of the patient. 
Conclusion: Telemedical consultation seems to work in the field of general surgery. Telemedicine in general 
surgery potentially could decrease waiting time for an appointment and patient frequency. However, the po-
tential harm of a wrong therapy remains due to the lack of a clinical observation.   

1. Introduction 

Globally, population health is being challenged in different ways, 
from climate change and growing air pollution and toxic environmental 
exposure to food insecurity, massive population migration and refugee 
crises, to emerging and re-emerging diseases [1]. Information technol-
ogy, patient-based care and empowering the patient will shape the next 
generation of health care systems [2]. Personal interactions between 
patient and care giver are already increasingly processed telemedically 
(e.g. via telework / distant working) and this can improve access to care 
[3–6]. Telemedicine offers the possibility to provide healthcare in 
existing facilities for more people and with high quality without the 

need to expand over space on site. In economically developing or un-
derdeveloped countries, telemedicine can foster medical care in regions 
with a shortness of medical care due to local circumstances (e.g. long 
distances, widespread population, geographic barriers, climate-, eco-
nomic-, epidemiologic- or political - issues, etc.) since it is an alternative 
to building new hospitals. Attitudes behaviors toward telemedicine 
indicate a growing demand for this technology among both patients and 
medical doctors [7]. The COVID-19 crisis has further highlighted the 
need for such tools [8–16]. Whereas telemedical services and mobile 
apps were already in use in pre-selected patient subgroups in radiology, 
neurology and internal medicine since many years [3,4,17–21], the 
COVID-19 crisis has required the use of telemedicine and work from 
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home in other disciplines, such as general surgery [9,13,22] Little is 
known if surgical outpatients can be triaged and treated via telemedi-
cine, and if an indicative telemedical diagnosis can be found as well. 
Literature on telemedical treatment in surgery is sparse [11,12,16,23, 
24]. 

A recent review described telemedicine during COVID-19 in ortho-
paedics as safe and cost effective and did not find clinically significant 
differences in patient examination nor measurement of patient-reported 
outcome measures [25–28]. Substancial cost savings, a better patient 
satisfaction, a better postprocedural monitoring via text messaging 

Fig. 1. Tretament conformity depending on semantic and ICD - based variables.  

Table 1 
Tretament conformity depending on semantic and ICD - based variables.  

SIDE PARAMETERS  same diagnosis (semantically) 

telemedical versus on-site diagnosis  right wrong p-value 

patients 225 84 % 16 %  
acute onset 59 % 86 % 14 % p = .049 
chronic onset 41 % 76 % 24 % p = .049 
length of text     
anamnesis (characters) 232 ± 154 (37− 1081) 263 233 n.s. 
status (characters) 108 ± 105 (0− 846) 179 204 n.s. 
software of the browser >10 different types 84 % 16 % n.s. 
type of mobile device >20 different types 84 % 16 % n.s. 
attachment 100 % 84 % 16 % n.s. 
no attachment 6% 63 % 37 %  
radiograph / MRI 49 % 76 % 24 %  
laboratory result 14 % 86 % 14 %  
both 31 % 87 % 13 %  
anatomic region 100 % 84 % 16 % see below 
stomach and intestine 33 % 86 % 14 % n.s. 
liver and gall bladder 17 % 93 % 7% n.s. 
soft tissue and skin 17 % 83 % 17 % n.s. 
heart and thorax 9% 100 % 0% n.s. 
pancreas 5% 91 % 9% n.s. 
kidney and spleen 4% 100 % 0% n.s. 
other 14 % 67 % 33 % p = .02   

same therapy (semantically) 
anatomic region 100 % 76 % 24 % n/a 
other 100 % 56 % 44 % p = .01   

same therapy (same noun) 
anatomic region 100 % 49 % 51 % n/a 
liver and gall bladder 100 % 67 % 33 % p = .037  

#12  Mean Mittelwert Std MIN MAX #12 

#13 Anzahl Zeichen Anamnese Frage 232 ± 154 (37− 1081) 195 232 154 37 1081 #13 Anzahl Zeichen Anamnese Frage 
#14 Anzahl Zeichen Status Frage 108 ± 105 (0− 846) 77 108 105 0 846 #14 Anzahl Zeichen Status Frage 
#15 Anzahl Zeichen Therapie Frage 55 ± 64 (4− 502) 39 55 64 4 502 #15 Anzahl Zeichen Therapie Frage 
#16 Anzahl Zeichen Befunde Frage 66 ± 100 (0− 662) 29 66 100 0 662 #16 Anzahl Zeichen Befunde Frage 
#17 Anzahl Zeichen Diagnose Frage 30 ± 31 (3− 297) 22 30 31 3 297 #17 Anzahl Zeichen Diagnose Frage 
#18 Anzahl Zeichen Nebendiagnose Frage 14 ± 16 (0− 50) 11 14 16 0 50 #18 Anzahl Zeichen Nebendiagnose Frage 
#19 Anzahl Zeichen Differentialdiagnose 16 ± 16 (0− 50) 13 16 16 0 50 #19 Anzahl Zeichen Differentialdiagnose 
#20 Anzahl Zeichen Feld Frage 70 ± 49 (0− 223) 60 70 49 0 223 #20 Anzahl Zeichen Feld Frage 
#21 Anzahl Zeichen Feld Antwort 245 ± 269 (0− 1414) 166 245 269 0 1414 #21 Anzahl Zeichen Feld Antwort 
#22 Anzahl Zeichen Antwort Differentialdiagnose 17 ± 22 (0− 100) 12 17 22 0 100 #22 Anzahl Zeichen Antwort Differentialdiagnose 
#+AV:BA23 Anzahl Zeichen Antwort Therapie 32 ± 33 (0− 100) 22 32 33 0 100 #+AV:BA23 Anzahl Zeichen Antwort Therapie  
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provides convenient access to expert advice and early detection of 
postoperative complications in the field of Neurosurgery and Dermato-
logic Surgery [29–33]. 

Furthermore, telemedicine is being used to care for patients in 
remote areas, to help experts surgeons assist other specialists or novice 
surgeons, as well as to help teach the next generation of surgeons [34]. 

Usually telemedical settings involve a remote patient and an onsite 
doctor. Since the university clinic has a strong focus on surgical in-
terventions, this remote patient setup would rather not work for all of 
our patients. We therefore went a step back and first wanted to identify, 
if medical information regarding acute patients in our outpatient unit 
can be transported via a simple app and if a remote doctor would be able 
to find the correct diagnosis (and therapy) as compared to the onsite 
doctor. If this remote working approach would work, than we could 
figure out those symptoms / diagnoses in the future, where no surgical 
involvement would be necessary (e.g. obstipation) and develop a 
patient-doctor-interaction app in the future in order to provide faster 
help and to take the load off the out-patient unit. 

Therefore, the aim of the current study was to evaluate if a mobile 
healthcare communication app could be used to identify the correct 
International Statistical Classification of Diseases and Related Health Prob-
lems (ICD-10) diagnosis and the correct therapy or diagnosis related 
group (DRG) for outpatients at a general surgery department at a uni-
versity clinic. 

2. Material and methods 

In a prospective, double blinded clinical study, 225 consecutive non 
pre-selected outpatients at the department for general surgery in a 
university hospital were additionally “treated” telemedically for scien-
tific purposes. IRB approval was received, but unnecessary since data 
were anonymous and not pseudonymous. Patients agreed to the ano-
nymized use of their data including photographic imaging. 

Each patient was assigned to an onsite treatment (ONSITE group) 
and a telemedical treatment (TELEMEDICAL group). All patients served 
as their own controls. All patients received onsite therapy treatment 
only. Telemedical treatment was only for scientific purposes and had no 
therapeutic impact. 

For the telemedical treatment, one of 20 remote doctors of the 
department was chosen by random by the app and received anonymized 
patient data that was uploaded by the ONSITE doctor to a web appli-
cation (www.xmedx.com, Asklepios GmbH, Plüddemanngasse 45, 8010 
Graz, Austria). Patient data included the following primary variables for 
each single patient: personal history (anamnesis), clinical findings 
(physical status), and one attachment (radiograph, MRI, sonogram, 
laboratory result, etc.). The telemedical doctor received patient infor-
mation only via app and did not see the patient physically. The tele-
medical doctor was not allowed to contact the onsite doctor. Both onsite 
and telemedical doctors were allowed to use the internet and library and 
to discuss the case with colleagues. 

Both, the onsite-doctor and the virtual doctor then separately 
uploaded their diagnosis (ICD-10) and recommended therapy (DRG) to 
the app – blinded to each other. 

The on-site treatment was defined as the correct treatment. We did 
not want to assess the quality of the onsite treatment in this study, but 
we wanted to assess the quality of a telemedical advice. A blinded senior 
consultant and an independent statistician compared the two groups. 
Thus the aim of the study was to determine if the telemedical therapy 
matched the onsite treatment regarding proposed diagnosis and 
treatment. 

The following primary outcome parameters were retrieved 
(Fig. 1):  

1 Onsite ICD-10 diagnosis (was per definition correct) (ICD and free 
text)  

2 Onsite therapy / DRG (was per definition correct) (DRG and free 
text)  

3 Proposed virtual telemedical ICD-10 diagnosis (ICD and free text)  
4 Proposed virtual telemedical therapy / DRG (ICD and free text) 

The following secondary outcome parameters were analyzed 
(Table 1):  

• Onset of symptoms (acute / chronic)  
• Length of text (number of characters)  
• Software of the browser  
• Type of mobile device camera / screen size  
• Type of attachment (radiograph / MRI / sonogram / laboratory 

result)  
• Anatomic region (stomach and intestine / liver and gallbladder / soft 

tissue and skin / heart and thorax / pancreas / kidney and spleen / 
other)  

• Tenure and gender of the onsite and the telemedical doctor  
• Month / study group (9 months à 25 consecutive patients = 225 

patients) 

Statistical analyses aimed at comparing the ONSITE and TELE-
MEDICAL groups. Depending on the given variables, either cross tables 
with chi-square-tests or t-tests for independent samples comparing the 
two groups were calculated.  

● ICD Diagnoses were analyzed if they were identical regarding (a) the 
letter, (b) the letter and the number (c) the letter, the number, the 
decimal.  

● Free text diagnoses were analyzed if (a) the same noun or (b) the 
semantically same meaning (synonym) was used.  

● The telemedical therapy (DRG group) was analyzed if it would (a) 
harm the patient and if (b) the same noun or (c) the semantically 
same meaning (synonym) was used. 

Preconditions (normal distribution of homogeneity of variances for 
testing differences of means by parametric tests) were considered and 
kept, if applicable. Results with p-values below 0.05 were considered 
significant. Results with p-values marginally above 0.05 were described 
as tendencies but not significant. 

3. Results 

225 consecutive patients at a surgical outpatient clinic were included 
in this study. 

There were 53 % female and 47 % male patients included. Mean age 
was 61∓9 years (18–95). In 84 % of cases the telemedical ICD-10 
diagnosis matched the on-site diagnosis by the letter and the number 
and in 76 % the same therapy was prescribed (same noun used). 

There was no single wrong telemedical diagnosis related to insuffi-
cient quality of medical images or issues with the software of the viewer 
or browser, regardless of the device used. The software proved to work 
in all mobile devices, regardless of screen size, type of operating system, 
web browser or camera. 

3.1. Primary outcome parameters (Fig. 1) 

Diagnosis: 
According to the textualization of the ICD-10 classification, the 

correct semantical ICD-10 diagnosis was found telemedically in 84 %, 
the same noun was used in 75 %. 

Therapy: 
The telemedical treatment did not harm in 94 %, whereas in 6 % (13 

patients) the therapeutic regimen differed between telemedical and on- 
site treatment and could possibly harm the patient: 

#1: In a case of Echinococcus infection, on-site treatment was 
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antibiotics while the telemedical suggestion was surgical resection. 
#2:A case of varices of the colon (on-site diagnosis) was mis-

diagnosed by telemedicine (probable tumor). 
#3A case of secondary hepatosplenomegaly (on-site diagnosis) was 

misdiagnosed by telemedicine. 
#4+#5 Two cases of intestinal obstruction (on-site diagnosis) were 

misdiagnosed by telemedicine (obstipation) and a potentially harmful 
treatment suggested (laxatives) 

#6In a case of pancreatitis, on-site treatment was conservative while 
the potentially harmful telemedical suggestion was operative treatment. 

#7A case of cholecystitis (on-site diagnosis) was misdiagnosed by 
telemedicine (appendicitis). 

#8 - #10 Three cases of appendicitis (on-site diagnosis) were mis-
diagnosed by telemedicine (2x oophoritis, 1x ileus). 

#11A case of Salmonella-enteritis (on-site diagnosis) was mis-
diagnosed by telemedicine (diarrhea). 

#12A case of groin hernia (on-site diagnosis) was misdiagnosed by 
telemedicine (lymphedema). 

#13In a case of Crohn’s disease, on-site treatment was pharmaco-
therapy while the telemedical suggestion was surgical resection. 

The same therapy (same DRG) was proposed in 76 % of all cases. In 
24 % (54 patients) the DRG differed between onsite and telemedical 
treatment. In 13 patients (6%), the difference had therapeutic relevance 
and could possibly harm the patient (see list above). In 41 patients (18 
%) the DRG was different, but in these cases there exist multiple ways of 
slightly different therapies, but both are right. (e.g. watchful waiting 
versus laxative versus CT scan versus follow-up visit next day). 

3.2. Secondary outcome parameters (Table 1) 

Of the enrolled patients, 59 % suffered from acute onset of symptoms 
and 41 % had a chronic condition that was cause of the clinic visit. 

The following parameters showed a significant correlation: 

● Patients presenting with symptoms associated with chronic condi-
tions had a higher likelihood to receive a wrong diagnosis tele-
medically than patients with acute symptoms (24 % versus 14 %, p =
.049).  

● Patients with symptoms not related to a specific organ had a higher 
likelihood to receive a wrong diagnosis telemedically than other 
patients (33 % versus 16 %, p = .02).  

● Patients with symptoms not related to a specific organ had a higher 
likelihood to receive a different therapy (semantically) telemedically 
than other patients (44 % versus 24 %, p = .01).  

● Patients with symptoms related to the liver and gall bladder had a 
higher likelihood to receive the same therapy (same noun) tele-
medically than other patients (67 % versus 49 %, p = .037). 

There was no statistically significant difference in any of the 
following secondary outcome parameters (length of text (characters), 
software, mobile device, attachment) between the telemedical and on- 
site treatment groups (p > .05). 

Tenure, gender and month / study group / individual doctor did not 
influence outcome: No specific doctor was significantly better or worse 
and even tenure did not make a difference. 

Cases with more information (MRI and lab results) had a tendency to 
a better answer (87 % right, 13 % wrong) as compared to cases without 
attachments (63 % right, 37 % wrong). 

4. Discussion 

We performed a prospective, double blinded study that compared the 
diagnosis and therapy plan formulated for consecutively enrolled pa-
tients at a general surgery outpatient clinic between an on-site doctor 
with physical patient contact and a telemedical doctor who had access to 
a patient dossier provided via a web-based app containing patient 

history, clinical findings and adjuncts. The telemedical ICD-10 diagnosis 
matched the on-site diagnoses in 84 % of cases and 76 % of the suggested 
therapies in the telemedical setting concurred with the onsite therapy. In 
24 % (54 patients) the DRG differed: In 41 patients (18 %) the suggested 
therapy was different, but correct and had no potential to harm the 
patient. In 13 patients (6%) the telemedical therapeutic regimen differed 
from the on-site treatment in terms of over- or undertreatment of the 
patient. This risk was significantly higher in patient with nonspecific 
symptoms (not related to a single organ, p = .01 to p = .02, depending 
on parameter) and in patients presenting with chronic symptoms (p =
.049). For patients with diseases of the liver and gallbladder, the tele-
medical treatment suggestion had an increased likelihood of concurring 
with the on-site treatment (67 % versus 49 %, p = .037). 

The potential risk of a harmful or wrong diagnosis or treatment in a 
telemedical setting has to be seen in the light of the evidence, that at 
least one third of all published medical practices are not evidence based 
and some of them even worse than doing less or nothing [35]. However, 
the development of e-health platforms to deliver care, the influence of 
social networking sites on the doctor-patient relationship, the use of 
online data and algorithms and their impact on public health conse-
quences comes along with a variety of ethical issues, such as accessibility 
of health care, freedom from barriers, data privacy and traceability [36]. 
The communication of bad news should rather be done in person by a 
medically trained professional rather than telemedically in a value 
driven world [37]. In Scandinavia nurses in remote areas receive 
training in physical examination and casting, and then consult physi-
cians through video to determine definitive care [38]. For this setting, 
our approach (using an app) would work perfectly and our study design 
can help to exclude diagnoses / symptoms and help professionals to find 
out, which patients are suitable for telemedicine. 

To the best of our knowledge, this is the first study to date assessing 
the feasibility of telemedical care in a surgical setting in a prospective 
double blinded trial. Up to now, telemedical services were only pub-
lished to be effective for non-surgical disciplines or as pilot studies in 
specific and pre-selected patient groups. Telemedical publications in all 
disciplines were boosted by COVID 19, already, solutions for telemedical 
physical assessments, such as palpation of the abdomen for remote 
assessment and screening of acute abdominal pain, are being developed 
[24]. 

Telemedicine has the potential to improve access to healthcare 
around the world: The use of telemedicine in different medical spe-
cialties is well known and has already shown its efficacy, accuracy and 
usefulness for a better access to care [3,5,25–33,39,40]. The presence of 
a pervasive inequality in access to surgical care is a worldwide phe-
nomenon and not limited to the United States [41]. 

COVID-19 fostered telemedicine worldwide, since well-being of the 
health care workforce is the cornerstone of every well-functioning 
health system and part time work and distant working will become 
more important [14,15]. 

The Austrian healthcare system is perceived as one of the best 
worldwide, as it provides almost fully covered high-quality care with 
free choice of providers and unrestricted on-site access to general 
practitioners, specialist physicians, and hospitals [42,43]. Nowadays, 
medical apps serve as an important source of information for many 
doctors and 74 % of Austrian doctors already use medical apps on a daily 
basis [44]. This study showed, that an surgical outpatient app might be 
useful as a triage tool prior to the outpatient clinic, maybe with a nurse 
in the clinic and a remote doctor, like in Norway [38]. 

Our study has several limitations when it comes to real-life imple-
mentation: First, current telemedicine technology precludes manual 
examination. Second, although some patients with restricted mobility 
might benefit from the accessibility of telemedicine, technical issues 
might hinder use among those with certain impairments (e.g. poor 
vision, coordinative problems, low computer knowledge). In our study, 
the use of the telemedical app was intuitive, and no additional support 
was necessary. However, we did not assess usability among patients. 
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Third, the use of different end-user devices, operating systems, and 
browsers is challenging for software developers. In our study, we 
therefore used a web application instead of a native app to improve the 
ease of use. Although we found no significant constraints or confounders 
regarding screen size, operating system, type of browser, type of camera, 
or other variables, we did not assess several other conditions that could 
affect the quality of telemedical care, such as lighting conditions, 
internet speed, and so on. Finally, the use of an app prior to admission 
could generate supply-induced demand, and this may be more harmful 
than beneficial [45]. 

Therefore, the findings of this study are subject to several potential 
sources of bias that should be noted as limitations. 

Telemedicine will never replace conventional medicine. However, 
blended care involving telemedicine and conventional medicine can 
enhance future medical care. Prior research indicates that the relation-
ship between telehealth systems and physical medical services is 
mutually beneficial. Telemedical consultation seems to work in other 
disciplines, and it shows promise in the field of surgery as well. 
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Summary table 

What was already known on the topic  

• Telemedicine is becoming more and more popular  
• Telemedicine seems to function already in non-operative disciplines  
• Mostly Telemedicine is applied in pre-selected patients  
• COVID 19 proved the need for telemedical solutions also in surgical departments  
• No knowledge exists if telemedicine also works in surgery 

What this study added to our knowledge  

• First study worldwide where Telemedicine is applied to a surgical outpatient unit without patient pre-selection  
• Most patient could be treated telemedically after a first quick examination  
• Technical issues (smartphone, camera, web-bases software,…) are solved  
• Medical issues (unspecific symptoms, non physical examination,…) need to be addressed further.  
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