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In 2018-2019, a medical system was introduced at Maccabi Health Service clinics across all of Israel that was coordinated via instant messaging software. A focus group was conducted in which six physicians provided real-time support to 250 nurses at 142 Maccabi clinics that offered fetal monitoring services (performing around 7,000 monitors per month). Fetal monitoring was performed by an extensive and rotating staff of nurses. For the support network to be effective, it required rapid responses from doctors, and therefore we sought a uniquely suitable solution. Many applications are available on the market for electronic communications, such as Facebook’s work groups and Slack, but neither application has been extensively used by patients or physicians in the healthcare setting.	Comment by Author: This term seems a bit vague, consider being more specific. Does it refer to the focus group?	Comment by Author: Who is the “we”? It’s clear that it’s you, the authors, but was your position in this context? I suggest stating	Comment by Author: Added text.
Is this specifically at Maccabi or a general statement?
From Hebrew:
אבל הן לא בשימוש נפוץ אצל מטופלים או אצל רופאים. 

We chose to use the WhatsApp application, which is well-known and widely used among doctors and nurses, and which facilitated assimilation of instant messaging in a project of this scale. It should be noted that the authors were aware of the limitations of WhatsApp regarding patient confidentiality. The application features end-to-end encryption which secures information transmitted online, however National Health Service regulations require additional security measures of both mobile devices and servers where medical data is stored. Moreover, WhatsApp does not have an official end-user agreement regarding processing and storage of medical data transmitted via its application, as required by General Data Protection Regulations (GDPR). Additionally, studies have shown that efforts to assure patient confidentiality by maintaining patient anonymity on instant messaging applications may endanger patients by creating confusion regarding patient identity, and the medical team may be unsure of which case is being discussed. Maintaining patient confidentiality in this way depends on the cooperation of the healthcare staff and may lead to errors and oversights [1,2,3,4,5].	Comment by Author: Above it was “we”. I suggest choosing either “the authors” or “we” and using consistently	Comment by Author: Is this a correct expansion of NHS?	Comment by Author: References 4 and 5 are identical. Was another reference intended, or should 5 be removed here? 
In a study by Nardo et al. in 2016 [6], researchers examined the use of WhatsApp as a communication tool by a surgical team during 2013-2015. The surgical team shared images and information regarding 15 patients (who signed consent forms), discussed clinical questions and consulted expert surgeons.
In a 2015 study, Johnston et al. [7] evaluated the use of WhatsApp as a communication tool in an emergency surgery team at a London hospital over the course of 19 weeks. The study compared response times in 1,495 communication events, which included safety incidents, transmission of patient information, clinical questions, and instructions by attending physicians. Staff members who participated in the study noted that the use of WhatsApp helped to bridge the divide between senior and junior colleagues, allowed junior members to take an active role in discussions and improved mutual learning.
A 2018 study by Carmona et al. [8] examined the potential of instant messaging to improve maternal and fetal care. A retrospective study looked at real-time correspondence among a closed group of specialists and fellows in prenatal care. Findings revealed that over a two-year period, 41 international members communicated 534 clinically relevant messages in 291 separate conversations. These consisted of 33% advice seeking, 23.4% shared clinical cases, 35% educational content and 8.2% miscellaneous content. Average response time to questions was 52 minutes, and 53% of messages were answered in under an hour. In each case, at least one response influenced clinical management. 
Increasing use of instant messaging improves the accessibility of essential services. The era of Covid-19 has further emphasized the urgent need for telemedicine and has positioned healthcare systems around the world as fertile fields for technological development and the assimilation of novel practices.  Use of instant messaging has increased significantly in the healthcare setting, and sites that were prepared for such usage have better adapted to these changes. However, the need for data security and the adaptation of messaging services to better suit the needs of healthcare providers has also come to the fore against the backdrop of the ongoing Covid-19 crisis.	Comment by Author: Citation?
Our obstetric telemonitoring system relied heavily on instant messaging to enable rapid interpretations without needing to erect a physical site. By using instant messaging software, fetal monitors were consistently analyzed within 20 minutes. These results confirm the need for an instant messaging service that enables quick and efficient communication between medical teams but that would also accommodate the need for patient confidentiality and reliable identification of patients in order for the healthcare system to take full advantage of instant messaging technology.

Objective
This study aims to describe the possibilities, benefits and advantages of instant messaging applications to manage interpretations of fetal monitor tracings in real time, in an extensive nationwide deployment.

Materials and Methods 
The fetal monitor project at Maccabi examined the feasibility of central interpretation, archiving and quality control of fetal monitors over Internet networks. As part of the study, six physicians provided real-time support to 142 nursing stations around Israel, to perform 600 rapid interpretations of monitor tracings per month. The centralized interpretation system enabled authorized nurses to perform fetal monitors without the physical presence of physicians, who simultaneously interpreted monitor tracings remotely and enabled local interpretation with central archiving and quality control. This extensive support system relied heavily on communication via instant messaging among participating doctors and nurses. 	Comment by Author: Please review this sentence to make sure it doesn’t change the intended meaning. Original:
שלאחר מכן פענח את המוניטור בזמן אמת, ובמקביל אפשרה פענוח מקומי עם אירכוב ובקרת איכות מרכזיים.
At the onset of the study, participating physicians communicated via WhatsApp, but at the second phase transferred to using Telegram to separate work-related and non-work-related communications and thus avoid errors in information sharing. To maintain patient confidentiality [1,2,3,4,5], messages transmitted via WhatsApp did not include patients’ identifying details, including names, ID numbers or clinical condition. Identifying details such as names and ID numbers that appeared on the monitor output were obscured if results were sent over instant messaging applications. For the most part, patients were identified by their test numbers in the system. Owing to the need for patient confidentiality, several physicians later began using the Siilo application, although the majority of activity was still carried out via WhatsApp, which was popular and routinely used among the medical staff.
The secure messaging application Siilo enables management of separate medical files for individual cases, with the aim of improving patient identification and monitoring of correspondence regarding individual patients. Users may also save case-related images, videos and files separately on the application. The application enables contacting medical professionals and allows users to open multidisciplinary treatment groups, regardless of geographical location [9]. 	Comment by Author: I think this sentence can be cut without compromising understanding of the paper	Comment by Author: This term is unclear in this context	Comment by Author: I think this phrase can also be cut, this is implicit in all instant messaging apps and the phrasing sounds promotional 
As part of the study, the use of instant messaging software was examined in three sets of circumstances: (1) A large group of caregivers – a group for all Maccabi nurses and physicians involved in fetal monitoring; (2) a small group of caregivers – a group for doctors who interpret fetal monitor tracings; and (3) a small, dedicated group – a group for six physicians and a single nurse , in which the nurse could consult all six physicians simultaneously, and enabled the doctors to identify a nurse from a particular clinic without requiring the nurse to change her personal WhatsApp settings.	Comment by Author: I think this can be cut here; the benefits of the app will be discussed in the conclusion section
Additional potential uses:	Comment by Author: I think this can be cut; potential uses do not fit under ‘Materials & Methods’. If you prefer to include it, I suggest moving it to the discussion section
A group of specialists from the same field – professional support among physicians within the same specialty, for example a WhatsApp group of ultrasound specialists.
A professional support group for physicians from different fields – specialists (obstetrician-gynecologist, ophthalmologist) supporting primary care doctors.
Integrated treatment group – a number of healthcare workers from various fields (doctor, nurse, physiotherapist) supporting a single patient.
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A group of physicians supporting a large group of nurses – a group of six physicians supported 250 participating nurses for 13 hours per day, six days a week. Problems and questions posed by nurses were addressed within minutes by one of the participating doctors. The physicians operated as a single unit, with each covering certain hours and stepping in for other physicians when they were occupied, so that a doctor was always available for questions. 
Physician group supporting a single nurse – The large group of nurses generated a lot of activity on the network, which was somewhat disruptive to users. Since support was provided by the doctors rather than by other nurses, an attempt was made to split the large group into smaller groups, in which each nurse was individually supported by six doctors. This had advantages and disadvantages: on the one hand, nurses for whom questions were irrelevant were subject to less activity and “noise,” but on the other hand they also missed out on support from their peers. 

Results
During the first year of activity, the large group of doctors and nurses, which included all supporting doctors and all supported nurses, 1,886 messages were transmitted. The group was slightly more active during the early phase of the study; later on, each nurse who used the group to consult a doctor was added to a private group with a number of supporting doctors.
During the study’s first year, 107 small dedicated groups were opened, and 78 of them were used by nurses to contact supporting doctors. A detailed sample was taken to measure group activity. During the week of December 11-17, 2018, 157 messages were shared in all physician and nurse groups, from which we can calculate an expected average of approximately 630 messages between nurses who perform fetal monitoring and doctors who interpret the results, over one month. That is, Maccabi nurses and doctors sent an estimated 12,000 WhatsApp messages over the course of two years. Since, in a single month, an average of 600 remote fetal monitor tracings were interpreted, it can be concluded that a significant number of these messages required more extensive communication between the doctors and nurses on the instant messaging apps. 
An analysis of 2,626 messages sent from January to August 2018 found the following: On average, 3.8 messages between the nurse performing the monitor and physicians interpreting the results were used to coordinate the evacuation of a patient by ambulance from the nurses’ office or women’s health center after discovering fetal distress while monitoring the fetus. Altogether, 58 patients were evacuated by ambulance following consultations via instant messaging in the groups. An average of 10.8 messages were used to coordinate sending fetal monitor tracings and receiving interpretations by fax. In 282 cases, the nurse performing the monitor reported in the group that she had waited for results for over 20 minutes, and then promptly received a response from the team of supporting physicians. The average time it took for one of the supporting doctors to respond to a nurse’s medical request was 4.3 minutes. With the exception of eight cases, all requests were answered within 20 minutes of being sent. User satisfaction was reflected in some 26 ‘thank you’ messages per month in the large group of doctors and nurses.	Comment by Author: Does this contradict what was said two sentences earlier that there were 282 cases where the nurse said she was waiting for more than 20 minutes?	Comment by Author: Units were missing here, is “minutes” correct?
In the sample examined, message topics were distributed as follows: [Evacuation to hospital/maternity ward; thank you, other, emergency evacuation, requesting a prompt response; technical question; medical question]	Comment by Author: We could not change the text in the image. Here is the translated text to be inserted.

An analysis of messages in urgent cases presented below (evacuation by ambulance, computer system crash, etc.) suggests that without the use of instant messaging, the central monitor-interpretation system would have been impossible to operate. The asymmetrical groups, in which a single nurse could consult six doctors simultaneously, saved critical time in seeking consultation since all the doctors received the messages regardless of their availability and without interrupting their workflow, thus enabling a prompt response from the most available doctor at that moment. Using this method, nurses were able to attain remote interpretation of monitor tracings within sufficient time to meet the needs of patient care in real time, without delaying the nurse or patient and thus making a beneficial service accessible to patients in rural areas where some medical services are less readily available.	Comment by Author: Where? Are you referring to the following sentences? If so, I suggest deleting this phrase	Comment by Author: Added to clarify פריפריה
Discussion and conclusions
The fetal monitoring study, started at Maccabi in 2018, made the most extensive use of instant messaging services in a healthcare setting known to us. The study included, as far as we know, the largest number of participants in a single medical study on instant messaging, and analyzed the largest number of WhatsApp messages among similar studies. The study recorded thousands of messages, the analysis of which was presented above. The literature features several studies that examined this topic, but on much smaller scales [6,7,8]. 	Comment by Author: Added 	Comment by Author: Added
A 2018 study by Carmona et al. [8] examined the potential of instant messaging to improve maternal and fetal care. A retrospective study looked at real-time correspondence among a closed group of specialists and fellows in prenatal care. Findings revealed that over a two-year period, 41 international members communicated 534 clinically relevant messages in 291 separate conversations. Our study observed instant messaging activity that was greater by several orders of magnitude, and thus demonstrated the potential advantages of instant messaging services such as WhatsApp when used as an integral and organic part of healthcare communications. 	Comment by Author: This has already been written above as part of the literature review, I don’t think it’s necessary to repeat. 
In a study by Nardo et al. in 2016 [6], researchers examined the use of WhatsApp as a tool to communicate healthcare matters among a surgical team during 2013-2015. The surgical team shared images and information regarding 15 patients who signed consent forms, discussed clinical questions and consulted expert surgeons. In our present study, use of WhatsApp was not limited to particular patients, but rather included all patients and events that required organic use of the modes of communication made available by instant messaging services.	Comment by Author: These two sentences are also directly quoted from the literature review, and doesn’t need to be repeated. 
Thus, this is the first study of instant messaging as an integral part of operating fetal monitoring services. The use of instant messaging to enable medical treatment in real time, necessary for fetal monitoring services, was examined for the first time. Moreover, the use of instant messaging applications to expand the geographical range of medical services and make advanced, high-quality medical care accessible to rural populations is a first step to reduce the gaps in health services in central and peripheral Israel. The integration of WhatsApp services in telemedicine has been explored in previous studies [13,14,15], but none has examined broad and substantial reliance on WhatsApp instant messaging services as the basis of the system. 	Comment by Author: Repetitive of the previous sentence
Johnston’s 2015 study [7] examined the use of WhatsApp as a communication tool between emergency teams at a London hospital over 19 weeks. Healthcare staff that participated in the study noted that the use of WhatsApp helped bridge gaps between junior and senior colleagues, allowed junior members to take an active role in discussions and improved mutual learning. Our study demonstrated that the use of instant messaging applications breaks down standard hierarchies in which junior healthcare providers seek aid and support from more senior staff, in a way that was integral to routine work and essential to operating fetal monitoring services. Nurses and technicians could easily consult multiple physicians, rather than using traditional communication methods (fax, phoning secretaries, etc.) and expending time and effort seeking an available physician, thus minimizing wait times and reducing total operational times and “back and forth” messaging.
Moreover, exposing multiple supporting physicians to help requests offers an additional advantage in that all of them become part of the circle of information, are made aware of issues that arise, and suggest solutions; they do not have to wonder whether a fax they received a few hours ago has already been answered by another doctor. The advantages of asynchronous communications have been discussed in previous studies [10,11,12], but have not addressed the routine and extensive operation of a medical service, as presented in the current paper. 
From this it can be concluded that projects of this scale should use instant messaging software that allows extensive asynchronous communication. However, WhatsApp has clear limitations regarding information security and medical confidentiality. To prevent breach of medical confidentiality in accordance with GDPR, medical staff refrained from sharing patients’ identifying details on messaging apps, but this may also lead to errors in patient identification and confusing case information between patients, especially in groups with many participants and a high message load. Therefore, there is need for an alternative technological solution, an instant messaging service with an interface similar to WhatsApp, but with greater data security in accordance with GDPR’s most stringent regulations and which enables clear separation between cases.
We found that the Siilo application offers significant benefits. Siilo meets European standards for data security and encryption and access is password-protected on each login. Moreover, the application verifies user’s identities based on personal registration details, including medical license number. In addition to the increased security ensured by the identification process, the registration process allows users to search for medical staff based on their details and areas of specialty, without having to know their phone numbers, and thus create consultation and treatment groups as needed. The application’s most significant advantage is its suitability for the healthcare setting. It enables the creation of separate medical files for individual cases, and thus accurate patient identification and improved tracking of correspondences regarding each patient in a clear and secure manner. 
In summary, increasing use of instant messaging software and smartphone applications increases accessibility of vital services [18]. Our fetal telemonitoring system relied significantly on instant messaging to attain rapid interpretations of monitor results, without necessitating a physical site. By using instant messaging services, fetal monitor results were interpreted within 20 minutes. A review of the literature shows that Maccabi’s project was the largest of its kind in the world, in terms of end users, geographical coverage and quantity of messages. Therefore, such resources for instant communication should be considered to make additional medical services accessible and expand communications between medical teams, in light of the increasing demand for telemedicine following the global COVID-19 crisis.
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