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Abstract
BACKGROUND: The Kingdom of Saudi Arabia experiences a shortage of respiratory therapists in its health care sectors, which affects the quality of respiratory care provided in the hospitals. The hospitals in KSA are owned and managed by the Ministry of Health, other government agencies (hospitals operated by the military, Saudi Arabian National Guard, Saudi Arabian Ministry of Defense and Aviation, Ministry of Interior, and Referral Hospitals) and privately-owned for-profit hospitals. A study conducted by Alotaibi[endnoteRef:1] in 2015 indicates the respiratory therapist to patient ratio overall in KSA is 1:11, with the ratio spread between MOH hospitals (1:20) and non-MOH hospitals (1:9). In the estimation of RTs needed in KSA, this study proposes to apply a ratio of 1:20 for the general floor, which was applied in the staffing of RTs in the study of RTs staffing in KSA by Alotaibi in 2015. For all the ICU beds in MOH, non-MOH, and private facilities, the RTs to bed ratio will be applied according to the international recommendation of 1:5. In the model that estimates the number of RTs needed in KSA, the study applies 1:5 in all the ICUs (MOH, non-MOH, and private hospitals) and 1:20 used on the general floor.  [1: Alotaibi, G. (2015). Status of respiratory care profession in Saudi Arabia: A national survey. Annals of thoracic medicine, 10(1), 55-60. ] 

OBJECTIVE: The study aims to estimate the number of respiratory therapists that should be hired in KSA to meet the international optimum ratio of 1:5 RTs-to-patients in ICU and 1:20 in general floor. In addition to having more than half of the RTs from foreign countries, which contributes to workforce instability in Saudi Arabia, there is a need to train RTs and hire them in the nation's health care system to meet the internationally desired ratio of 1:5.
METHODS: The Telford staffing model has been used in determining the total number of RTs needed to satisfy the national demand in all hospitals across the country. Additionally, the regional population factor has been included in the model to facilitate equity in the distribution of RTs across the country and solve RTs concentration in the central region of KSA. The Telford model calculates the number of beds in the facilities by the different ratios, multiplies the number of days and hours of work (12 x 2 “24-hour shifts”), divided by 48 hours of work per week and added 23 percent of the obtained number to factor for the durations that some of the RTs might not be at the hospitals due to various reasons.
RESULTS: The developed Telford calculated the number of RTs needed in the general floor and ICU beds for the MOH, non-MOH, and private facilities determined the number of RTs, in total, required for all the 20 medical administrative regions provided in the MOH statistical yearbook. The findings show that Saudi Arabia needs a total of 21,666 that will work in the total of 75,225 beds (general floor and ICU) in the 494 hospitals (MOH, non-MOH, and private) in KSA.
CONCLUSIONS: The number of RTs in Saudi Arabia depends on the ratios determined in the various hospitals, including the ICU and general floor beds. The findings show that there is need for more training of Saudi RTs because of the country’s reliance on expatriate RT workforce that contributes to the high RT to patient/bed ratios in the country. In the future, medical training schools should consider increasing the training RTs in different regions. The RTs numbers calculated in the Telford model does not cover all the RT needs, it focuses only on hospitals in KSA. 

1. [bookmark: _Toc40722478]Introduction 
	Applying the Telford staffing method in the case of the Kingdom of Saudi Arabia (KSA) need for respiratory therapists in all its hospitals will be useful in the determination of the Respiratory Therapists (RTs), their qualifications, and posting in various hospitals in the 20 regions on a need basis[endnoteRef:2]. The Telford method was first developed in 1979. it is a consultative approach that applies professional judgment in finding the most appropriate size for RT teams in the hospitals in Saudi Arabia [endnoteRef:3] [endnoteRef:4]. The Telford approach is vital in determining the 7-day staffing formula that identifies the staff needed in the early shift, late shift, and night shift[endnoteRef:5][endnoteRef:6]. The obtained staff numbers and shift distribution is then summarized for compensation purposes and RTs management in the hospitals[endnoteRef:7]. The method uses the RT-in-charge in evaluating the number of RTs needed in various hospitals and their shifts, which aids the calculating of the working hours of the RTs within a week and month, depending on the labor standards and regulations in KSA.   [2:  Ball, J. (2010). Guidance on safe nurse staffing levels in the UK RCN. ]  [3:  Griffiths, P., Saville, C., Ball, J., Jones, J., Pattison, N., Monks, T., & Safer Nursing Care Study Group. (2020). Nursing workload, nurse staffing methodologies and tools: A systematic scoping review and discussion. International Journal of Nursing Studies, 103, 103487. https://doi.org/10.1016/j.ijnurstu.2019.103487.]  [4:  Griffiths, P., & Saville, C. (2019). Tools & systems to determine nurse staffing requirements: an evidence review. Health Work Research Group. https://eprints.soton.ac.uk/428284/1/Staffing_review_paper_pre_print_.pdf.]  [5:  Hurst, K. (2003). Selecting and applying methods for estimating the size and mix of nursing teams. A systematic review of the literature commissioned by the Department of Health, April 2002. https://www.who.int/hrh/documents/hurst_mainreport.pdf.]  [6:  NHS Education for Scotland. (2013). Nursing and Midwifery Workload and Workforce Planning Learning Toolkit.]  [7:  Wells, A. (2007). Improving patient outcomes: A resource for ward leaders. M&K Update Ltd.] 

	The Vision 2030 of KSA highlights some of the areas where the government wants to improve services such as health care. According the Vision 2030 website, the country has invested in its health care and has currently attained a rate of 2.2 beds/1000 people. However, there is a need for the optimization and utilization of the facilities’ capacity to improve quality of services and therapy[endnoteRef:8]. Intending to facilitating preventive care and reduction of the spread of infectious diseases through increasing the access to primary care, there is a need to improve the ratio of respiratory therapists to hospital beds in KSA. Although the hospitals are categorized as MOH, non-MOH (the hospitals operated by the military, Saudi Arabian National Guard, Saudi Arabian Ministry of Defense and Aviation, Ministry of Interior, and Referral Hospitals), and private facilities, in line with the provisions of the Vision 2030, the current studies recommends the use of the existing resources to determine the numbers of respiratory therapists required to serve all the hospital beds in Saudi Arabia using data from the 2018 MOH statistical yearbook.         [8:  Kingdom of Saudi Arabia. Vision 2030. https://vision2030.gov.sa/en/node/68] 

2. [bookmark: _Toc40722479]Estimation of the Manpower Needs
	The budgetary allocations for the MOH as a percentage of the national budget was 7.61, accounting for SAR 67.7 billion. The allocation has been increasing as the number of hospitals and beds also increase, 282 hospitals and 43,080 beds. The increase in the funding of the activities of the MOH coincides with the rise in the number of hospitals and beds in addition to the increasing budget of KSA in the 2013-2017 period. Alatawi, Niessen, and Khan stated that hospital efficiency is one of the most critical factors in improving health systems' efficiency because hospitals are significant consumers of health resources[endnoteRef:9]. In the case of RTs in the MOH-owned facilities, hiring RTs in the facilities will increase the hospitals' efficiency, vis-à-vis providing effective respiratory care, which will improve KSA’s health system’s efficiency both in the short-term and long-term. As the number of hospital beds increase in the future, the ratio of RTs to beds will also change depending on the ability of the KSA government to recruit additional staff to fit the need for RTs in the hospitals at the internationally recommended ratio of 1:5 RTs per patient/bed in ICU and 1:20 RTs per patient/bed in general floor.  [9:  Alatawi, A. D., Niessen, L. W., & Khan, J. A. (2020). Efficiency evaluation of public hospitals in Saudi Arabia: an application of data envelopment analysis. BMJ open, 10(1), 1-10.] 

3. [bookmark: _Toc40722480]Assessment of KSA Need for Respiratory Therapist 
	The need for RTs in Saudi Arabia, which point to the shortage in the medical staff in respiratory care, indicate a workforce problem in KSA's health care system. The challenge of staff shortage of local health care facilities, in terms of pharmacists, physicians, and nurses is also the reason for the minimal number of health personnel in the country. Foreign health workers form a large segment of the health personnel in KSA, which is responsible for the high rates of turnover and workforce instability experienced in KSA today. Most of health care workers are nationals of Bahrain, Kuwait, Japan, Canada, France, and the United States, while the local occupy approximately 38 percent of the health care workforce[endnoteRef:10]. MOH's capacity to develop a model that will attract and keep a local workforce in KSA's health care system, specifically in respiratory care, will help treat some of the conditions that require RTs and nurses. [10:  Almalki, M., FitzGerald, G., & Clark, M. (2011). Health care system in Saudi Arabia: an overview. Eastern Mediterranean Health Journal, 17(10), 784-793.] 

	Respiratory Therapists provide care to patients with breathing difficulties, emanating from medical conditions associated with problems such as asthma, emphysema, and chronic respiratory diseases. Only about 21.4 percent of the total hospitals in the KSA (88 hospitals) have RTs, and only about 12.7 percent (31 hospitals) of the 244 hospitals managed by the Ministry of Health employ RTs. The author adds that there are 1477 RTs in Saudi Arabia, where 371 (25 percent) are Saudi nationals, and the rest are foreign professional RTs. The study results by Alotaibi in 2015 show that 60 percent of RT labor force work in private health care facilities (not managed by the Ministry of Health), and approximately 50 percent of RTs work in hospitals in the province of Riyadh. Additionally, roughly 60 percent of the RTs are assigned to critical care units of the facilities, where the total ratio of an RT to intensive care unit bed ratio was 1:9 for the non-MOH hospitals and 1:20 for the MOH-owned hospitals[endnoteRef:11]. The rate proposes, a rate of 1:20 for the hospitals under the Ministry of Health hospitals, non-MOH, and privately-owned hospitals, which were 1:9 in the non-MOH hospitals and 1:20 for the MOH hospitals, an average of 1:11 of MOH in the 2015 study by Alotaibi[endnoteRef:12]. According to 2011 data of the workforce characteristics of respiratory care in Saudi Arabia, indicating that the Ministry of Health (MOH) controls 25.6 percent of the respiratory care aspects, other government facilities control 60 percent, and the private sector controls 14.4 percent. The authors add that respiratory care is still a developing medical field in KSA, yet to fully recognized in its health care system, which is attributable to late introduction of the field of health care in KSA and the challenges in finding qualified RTs internationally and locally[endnoteRef:13]. Thus, the author indicates that 78.6 percent of the hospitals in KSA have no RTs, raising the ratio of RTs to the KSA population to 1:17629. [11:  Alotaibi, G. (2015). Status of respiratory care….]  [12:  Alotaibi (2015).]  [13:  Alotaibi, H. M., & Al-Ahmari, M. D. (2016). The respiratory care profession in Saudi Arabia: Past and present. Annals of thoracic medicine, 11(4), 237-242.] 

Nonetheless, MOH management of 60 percent of the health care system of KSA is an essential aspect because of the positive effect it will have in the future of respiratory care. Further, the Central Board for Accreditation of Healthcare Institutions (CBAHI) included respiratory care among the standards that health care facilities should attain before accreditation. This implies that health care institutions will be compelled to establish respiratory care services in compliance with the requirements of the CBAHI. Another significant milestone in the health care sector was the 2012 approval of ‘Respiratory Therapist’ by the Ministry of Civil Services as a job title in the KSA's health care sector[endnoteRef:14]. The recognition of RT as a profession is crucial for hiring and staffing RTs in hospitals[endnoteRef:15]. The background of respiratory care in KSA shows the growth and development in the field and how staffing work of RTs should be conducted, with a full appreciation of the health care dynamics of the country and the fact that RT is a relatively new health care profession in KSA.  [14:  Alotaibi, H. M., & Al-Ahmari, M. D. (2016). The respiratory care profession in Saudi Arabia…]  [15:  National Quality Board. (2019). Safe, sustainable and productive staffing. An improvement resource for the deployment of nursing associates in secondary care. British Journal of Healthcare Assistants, 13(2), 61-65.] 

The training of RTs in KSA has also become a significant area of educational investment in the country. Medical colleges such as the Batterjee Medical College offers training to RTs that cover a 5-year program on a course that involves various applicable units before graduating as a qualified RT in Saudi Arabia[endnoteRef:16].  [16:  Batterjee Medical College. Respiratory Therapy Program. https://www.bmc.edu.sa/programs/program-list/314-respiratory-therapy-program.html.] 

Apart from this college, there are other private and publicly-funded colleges and institutes of health in KSA (King Abdullah International Medical Research Center)[endnoteRef:17], which aim to train local Saudis to reduce the number of expatriates in the health care system and ensure workforce stability in the sector[endnoteRef:18].  [17:  King Abdullah International Medical Research Center. Noninvasive ventilation in critically ill patients with the Middle East respiratory syndrome. Influenza and Other Respiratory Viruses. https://kaimrc.med.sa/?p=4601981. ]  [18:  Almalki, M., FitzGerald, G., & Clark, M. (2011). Health care system in Saudi Arabia: an overview. East Mediterr Health J, 17(10):784-93.] 

4. [bookmark: _Toc40722481]Hospital Respiratory Cases
	Middle East Respiratory Syndrome Coronavirus (MERS-CoV) is one of the main conditions leading to hospitalization and requiring respiratory care provided by RTs and nurses. The World Health Organization (WHO) (2017) indicated that MERS-CoV infections were reported in Riyadh between June 1 and 10, 2017. In one of the KSA's public health responses, there was an initiative to enforce visual triage for respiratory conditions in the ER and outpatient facilities, aiming to ensure round-the-clock availability of nurses for early diagnosis of patients with symptoms of respiratory diseases and conduct proper documentation[endnoteRef:19]. Such a public health response indicates the need to hire RTs to deal with MERS-CoV and other infectious respiratory conditions[endnoteRef:20]. The number of deaths because of the viral infection of MERS-CoV amounting to 708 deaths out of the 1814 cases was a result of the infections occurring among individuals with previous conditions, such as chronic kidney diseases, diabetes mellitus, and hypertension[endnoteRef:21]. The role played by previous conditions in the mortality rates of MERS-CoV also show that aspect of the transmission of the virus in the health care institutions, further indicating the need for specialized care of the patients with infectious respiratory diseases in the hospitals to avoid multiple infections in such settings[endnoteRef:22] [endnoteRef:23] [endnoteRef:24].  [19:  World Health Organization. (2017). Middle East respiratory syndrome coronavirus (MERS-CoV) – Saudi Arabia. https://www.who.int/csr/don/13-june-2017-mers-saudi-arabia/en/.]  [20:  World Health Organization. (2019). Clinical management of severe acute respiratory infection when Middle East respiratory syndrome coronavirus (‎ MERS-CoV)‎ infection is suspected: interim guidance (No. WHO/MERS/Clinical/15.1 Revision 1). World Health Organization. ]  [21:  Sulayyim, H. J., Khorshid, S. M., & Al Moummar, S. H. (2020). Demographic, clinical, and outcomes of confirmed cases of Middle East Respiratory Syndrome coronavirus (MERS-CoV) in Najran, Kingdom of Saudi Arabia (KSA); A retrospective record-based study. Journal of Infection and Public Health. https://doi.org/10.1016/j.jiph.2020.04.007.
]  [22:  Petersen, E., Pollack, M. M., & Madoff, L. C. (2014). Healthcare associate transmission of Middle East respiratory syndrome corona virus, MERS-CoV, in the Kingdom of Saudi Arabia. International Journal of Infectious Diseases, 29, 299-300.
]  [23:  Shalhoub, S., Al-Hameed, F., Mandourah, Y., Balkhy, H. H., Al-Omari, A., Al Mekhlafi, G. A., ... & Abdulmomen, A. (2018). Critically ill healthcare workers with the middle east respiratory syndrome (MERS): A multicenter study. PloS one, 13(11).
]  [24:  Alraddadi, B. M., Al-Salmi, H. S., Jacobs-Slifka, K., Slayton, R. B., Estivariz, C. F., Geller, A. I., ... & Alshukairi, A. N. (2016). Risk factors for Middle East respiratory syndrome coronavirus infection among healthcare personnel. Emerging infectious diseases, 22(11), 1915-1920.] 

	Assiri et al. conducted a study that focused on the cases of the respiratory infections outbreak in hospitals, which further shows the need for a practical management approach of respiratory infections in hospitals in KSA[endnoteRef:25]. Similar findings have been made by other scholars such as Abolfotouh et al.[endnoteRef:26], who state that health care workers are at risk of acquiring and transmitting MERS-CoV and, in Taif region, Assiri et al. found in 2016 that thirteen patients were health care staff in the dialysis unit[endnoteRef:27]. The findings made by these scholars is in indication that there are no specialized treatment and care provided to the patients with the respiratory disease, leading to the infections in the health care facilities (Al-Dorzi et al., 2016; Balkhy et al, 2016; Habib et al, 2019)[endnoteRef:28]. The cases of transmission of infectious respiratory diseases in hospitals show a low-level of involvement of qualified RTs in the critical care units with patients with chronic heart, kidney, and respiratory problems[endnoteRef:29]. In such settings, the poor management of the patients' respiratory issues leads to deaths and transmission of infections because of poorly equipped RT aspects of the hospitals.  [25:  Assiri, A. M., Biggs, H. M., Abedi, G. R., Lu, X., Bin Saeed, A., Abdalla, O., ... & Almasri, M. M. (2016, May). Increase in Middle East respiratory syndrome-coronavirus cases in Saudi Arabia linked to hospital outbreak with continued circulation of recombinant virus, July 1–August 31, 2015. In Open forum infectious diseases (Vol. 3, No. 3). Oxford University Press.]  [26:  Abolfotouh, M. A., AlQarni, A. A., Al-Ghamdi, S. M., Salam, M., Al-Assiri, M. H., & Balkhy, H. H. (2017). An assessment of the level of concern among hospital-based healthcare workers regarding MERS outbreaks in Saudi Arabia. BMC infectious diseases, 17(4). https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-016-2096-8.]  [27:  Assiri, A., Abedi, G. R., Saeed, A. A. B., Abdalla, M. A., al-Masry, M., Choudhry, A. J., ... & Rudd, J. (2016). Multifacility outbreak of middle east respiratory syndrome in Taif, saudi Arabia. Emerging infectious diseases, 22(1), 32.]  [28:  Al-Dorzi, H. M., Aldawood, A. S., Khan, R., Baharoon, S., Alchin, J. D., Matroud, A. A., ... & Arabi, Y. M. (2016). The critical care response to a hospital outbreak of Middle East respiratory syndrome coronavirus (MERS-CoV) infection: an observational study. Annals of intensive care, 6(1), 101.]  [29:  Balkhy, H. H., Alenazi, T. H., Alshamrani, M. M., Baffoe-Bonnie, H., Arabi, Y., Hijazi, R., ... & Bin Saeed, A. (2016). Description of a hospital outbreak of Middle East respiratory syndrome in a large tertiary care hospital in Saudi Arabia. infection control & hospital epidemiology, 37(10), 1147-1155.    ] 

	The Covid-19 virus has led to 1,916 deaths in Saudi Arabia out of the 209,509 infections by July 06 , 2020[endnoteRef:30]. The increase in the number of Covid-19 diseases since January 2020 has confirmed the challenges experienced in respiratory care in Saudi Arabia. Although global rates are higher than those of KSA, with enough RTs, the health outcomes of Covid-19 infections could have been better through increased rates of recovery. Providing respiratory support to Covid-19 patients through noninvasive or, invasive approaches is possible using mechanical ventilation and ICU care. Whittle et al. recommend four respiratory care approaches that can be facilitated by RTs, including metered-dose inhalers, supplemental oxygen for hypoxic respiratory problems, high airflow nasal oxygen for patients with oxygen needs and noninvasive positive pressure ventilation, and early mechanical ventilation to avoid acute respiratory distress syndrome[endnoteRef:31]. [30:  Worldometer.info. Saudi Arabia: Corona virus cases. Accessed May 14, 2020. https://www.worldometers.info/coronavirus/country/saudi-arabia/]  [31:  Whittle, J. S., Pavlov, I., Sacchetti, A. D., Atwood, C., & Rosenberg, M. S. (2020). Respiratory Support for Adult Patients with COVID‐19. Journal of the American College of Emergency Physicians Open. ] 

5. [bookmark: _Toc40722482]Scope of Service
To improve the health outcomes in healthcare facilities across Saudi Arabia, there is a need to recruit RTs to work in critical care and general floor in the country. Respiratory care units of the hospitals in K.S.A. are essential components for the ICU teams, where they work with nurses, physicians, and other personnel in the management of ventilators, blood sample diagnosis, assisting in bronchoscopy, nitric oxide gas administration and heliox treatment as well as all the other issues associated with hemodynamic assessment. The other units, where the RTs will work in the hospitals within KSA include inpatient and outpatient services such as aerosol therapy, oxygen administration and ventilator support (noninvasive)[endnoteRef:32]. [32:  Clinical Center, America’s Research Hospital. Critical Care Medicine Department: Critical Care Therapy and Respiratory Care Section (CCTRCS). https://clinicalcenter.nih.gov/ccmd/services/cctrcs.html.] 

Emergency Room RTs assist doctors in lung and heart diseases as well as help patients with breathing difficulties. Patients with pneumonia and the others that need life support require RTs who will facilitate the installation and proper functioning of ventilators[endnoteRef:33]. Pulmonary function test involves noninvasive assessment of a patient's respiratory system, and RTs play a vital role in the case of this test because of the expertise in the respiratory systems, particularly the lungs vis-à-vis capacity, volume, airflow rates, and exchange of gas (inhaling and exhaling). The RTs play a key role in collaborating with physicians in the diagnosis of lung diseases and the treatment of some of the conditions affecting the lungs[endnoteRef:34]. Hiring RTs in the KSA hospitals will also be essential in sleep lap, dealing with sleep disorders involving breathing difficulties. The problems in breathing are diagnosed when the patients are asleep, and an RT determines the conditions such as obstructive sleep apnea after studying the breathing trends through polysomnography[endnoteRef:35]. Home care RTs provide respiratory therapy services through the residential, community, and palliative care to improve the quality of life through reduction of morbidity, as well as self-management and facilitating independence. Therefore, for individuals with chronic respiratory conditions, RTs provide home care intending to eliminate the costs of hospital stay and minimization of acute care hospital admissions[endnoteRef:36]. Pulmonary rehabilitation is also another area where RTs play a vital role through the identification of the eligible patients, patient assessment before being admitted into the program, educating the patients about the pulmonary disease, and active participation in physical exercise programs of patients with chronic lung diseases[endnoteRef:37]. Therefore, the hiring of RTs in KSA will be useful in increasing the accessibility of healthcare services, as mentioned earlier for Saudis.   [33:  Healthline. (n. d). What Is a Respiratory Therapist? https://www.healthline.com/health/what-is-a-respiratory-therapist.]  [34:  Johns Hopkins Medicine. Pulmonary Function Tests. https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/pulmonary-function-tests.]  [35:  Woods, C. E., Usher, K. J., Jersmann, H., & Maguire, G. P. (2014). Sleep disordered breathing and polysomnography in Australia: trends in provision from 2005 to 2012 and the impact of home-based diagnosis. Journal of Clinical Sleep Medicine, 10(07), 767-772.]  [36:  Clarke, B. T. (2016). home care in respiratory therapy. Canadian journal of respiratory therapy: CJRT= Revue canadienne de la therapie respiratoire: RCTR, 52(2), 51-52.    ]  [37:  Carlin, B. W. (2009). Pulmonary rehabilitation and chronic lung disease: opportunities for the respiratory therapist. Respiratory care, 54(8), 1091-1099. ] 

6. [bookmark: _Toc40722483]Telford Staffing Methodology 
With the RTs hired on a full-time basis in the hospitals in KSA, the Telford model's specification for Saudi Arabia is 48 hours per week, and the RTs will be working in 2 shifts of duty each one is 12 hours every day. Table 1 indicates that in a day, the number of RTs needed in a hospital in Riyadh province (for instance), there will be a total of 48 hours per week where the RTs will work for 12-hour shifts each day. Commonly referred to as professional judgement model, Telford model is common in the United Kingdom, because of its low costs and simplicity, where it is applied in terms of bottom-up and top-down approaches[endnoteRef:38]. The Shrewbury and Telford Hospital applies the Telford model in ensuring safe staffing levels in all the wards, including the general floor and ICU, as included in the safe staffing data in monthly staffing data the 2016-2020 period[endnoteRef:39]. The success of the Telford staffing model’s application in the hospital in the United Kingdom is enough reason for its application in the case of respiratory therapists safe staffing in all the hospitals in the Kingdom of Saudi Arabia.  [38:  Ball, J. (2010). Guidance on safe nurse staffing levels in the UK]  [39:  Shrewbury and Telford Hospital. Safe staffing levels. https://www.sath.nhs.uk/about-us/our-performance/safe-staffing/] 

The formula of the Telford method[endnoteRef:40], which will be used in the RT staffing plan in KSA is: [40:  Scott, C. (2003). Setting safe nurse staffing levels: An exploration of the issues. Royal College of Nursing.] 


7. [bookmark: _Toc40722484]Staffing Plan
	The model used revealed the staffing plan for RTs and the minimum working hours that the RT staff will be required to complete in one week. In the case of Riyadh Province (Table 1), data from the Ministry of Health Statistics show that the administrative region has 49 hospitals managed by the MOH, 16 by other government services, and 41 hospitals that are privately owned and operated[endnoteRef:41]. Since the RTs will be working in the general floor and ICU sections of the hospitals in the country, which the total hospitals indicate to have 66,748 (general) and 8,477 (ICU) beds, respectively, the Telford Staffing Model shows that the minimum RTs that will be hired to operate in all the health care facilities in KSA is 21,666 RTs. The working hours according the labor standards in Saudi Arabia are 48 hours per week, except for Muslims who are allowed to work for 36 hours during the month of Ramadhan. In KSA, the determined care hours per week is 48, factoring on the number of hospitals and the general and the minimum ratio for the respiratory therapists to patient is 1:5 for all ICUs[endnoteRef:42]; California Society for Respiratory Care mentioned 1:4 ratio in the ICU, and Alotaibi (2015) mentioned 1:20 ratio for the general floor. Hence, there is need for more research on the optimum number of RTs to work on the general floor in hospitals internationally to provide a universal benchmark for staffing of RTs in hospitals across the world. A study by West et al. in 2016 on the respiratory therapists to critical care units of Canadian hospitals indicated a rate of 1:5.1 ratio as a baseline that has informed research on respiratory care as well as RT practice and staffing patterns in adult critical care settings[endnoteRef:43]. Thus, 1:20 will be used for MOH, private, and non-MOH for general floors.  [41:  MOH (2018). Statistical workbook. https://www.moh.gov.sa/en/Ministry/Statistics/book/Documents/book-Statistics.pdf.]  [42:  Alotaibi, (2015) …]  [43:  West, A. J., Nickerson, J., Breau, G., Mai, P., & Dolgowicz, C. (2016). Staffing patterns of respiratory therapists in critical care units of Canadian teaching hospitals. Canadian journal of respiratory therapy: CJRT= Revue canadienne de la therapie respiratoire: RCTR, 52(3), 75-80.] 

The model’s output on the number of RTs needed in all the provinces is:
With a population (sum) of 33.4 million in the 20 medical administrative regions identified in the model, KSA needs 21,666 RTs are required to work in the different hospitals, both the MOH and non -MOH owned health care facilities 24 hours a day (two 12-hour shifts), 7 days a week (48 hours), annually.       
Using the ratios of 1:20 for the general floor and 1:5 in the ICUs in MOH hospitals across; 1:20 in the general floor and 1:5 in the ICU in non-MOH hospitals; and 1:20 in general floors and 1:5 in ICUs in all private hospitals across KSA, the results of the estimates using the Telford staffing model have been determined. In Riyadh, the estimated total (general floor and ICU) number of RTs needed is (MOH) 2,506, (non-MOH) 1,478, and (private) 1,452 RTs. The calculation was made through using the Telford model: 1:20 ratio x the beds on the general floor and 1:5 ratios in the ICU beds, where the RTs will be working 2 (12-hour) shifts (24 hours) added to 23 percent of the total sum and rounded off to the nearest whole number. In the case of Riyadh general floor beds, both MOH and non-MOH, the calculations
= 0.05 (1:20 ratio) x 2*(12 hours shift in a day x 7 days / 48 (hours in a week)) (A) + 23% of ‘A’
	In the case of the ICU, the results are obtained by:  
= 0.2 (1:5 ratio) x 2*(12 hours shift in a day x 7 days / 48 (hours in a week)) (A) + 23% of ‘A’
The table below summarizes the estimated number of RTs required in the MOH, non-MOH, and private hospitals in KSA and the total number of RTs that the Telford model indicates as the estimate staffing requirements of RTs in the KSA. The number of non-MOH ICU beds in 2018 were determined in the MOH yearbook statistics as 1,493 beds out of a total of 12,662 beds in the non-MOH hospitals[endnoteRef:44], which indicates that the non-MOH hospitals ICU beds make 11.79 (%) percent of the total beds in non-MOH (other governmental sector) hospitals.  The estimates of the RTs needed are tabulated below:  [44:  MOH (2018). Statistical workbook.] 

Table 2: RTs needed in MOH Hospitals in all the regions in KSA
	KSA Medical Administrative Regions
	RTs Needed on MOH General Floor
	RTs Needed on MOH-ICU Beds
	Total RTs Needed in MOH Hospitals

	Riyadh
	1557
	949
	2506

	Jeddah 
	578
	348
	926

	Ta'if
	516
	208
	724

	Al'Ahsa
	375
	184
	559

	Hafr Al'Baten
	194
	87
	281

	Bishah
	150
	64
	214

	Qurayyat
	93
	48
	141

	Qunfudah
	73
	53
	126

	Tabouk
	338
	214
	552

	Al Madinah
	499
	386
	885

	Makkah
	488
	369
	857

	Eastern Province
	666
	226
	892

	Al-Qassim
	542
	294
	836

	Bahah
	230
	84
	314

	Ha'il
	352
	133
	485

	Northern Borders
	257
	141
	398

	Jizan
	441
	152
	593

	Jawf
	234
	208
	442

	Najran
	239
	163
	402

	Asir
	436
	262
	698

	TOTAL
	8258
	4573
	12831



Table 3: Total RTs needed in non-MOH Hospitals
	KSA Medical Administrative Regions
	Non-MOH Hospitals
	NON_MOH-General Floor Beds
	RTs Needed on NON-MOH General Floor
	NON_MOH-ICU Beds
	RTs Needed on NON-MOH-ICU Beds
	Total non-MOH Hospital Beds
	Total RTs Needed in NON-MOH Hospitals

	Riyadh
	16
	4474
	963
	598
	515
	5072
	1478

	Jeddah 
	4
	1650
	355
	220
	189
	1870
	544

	Ta'if
	5
	758
	163
	101
	87
	859
	250

	Al'Ahsa
	1
	238
	51
	32
	28
	270
	79

	Hafr Al'Baten
	1
	255
	55
	34
	29
	289
	84

	Bishah
	0
	0
	0
	0
	0
	0
	0

	Qurayyat
	0
	0
	0
	0
	0
	0
	0

	Qunfudah
	0
	0
	0
	0
	0
	0
	0

	Tabouk
	2
	566
	122
	76
	65
	642
	187

	Al Madinah
	3
	573
	123
	77
	66
	650
	189

	Makkah
	1
	170
	37
	23
	20
	193
	57

	Eastern Province
	8
	1722
	371
	230
	198
	1952
	569

	Al-Qassim
	0
	0
	0
	0
	0
	0
	0

	Bahah
	0
	0
	0
	0
	0
	0
	0

	Ha'il
	0
	0
	0
	0
	0
	0
	0

	Northern Borders
	0
	0
	0
	0
	0
	0
	0

	Jizan
	1
	34
	7
	4
	3
	38
	10

	Jawf
	0
	0
	0
	0
	0
	0
	0

	Najran
	3
	275
	59
	37
	32
	312
	91

	Asir
	2
	454
	98
	61
	53
	515
	151

	TOTAL
	47
	11169
	2404
	1493
	1285
	12662
	3689



Table 4: Total RTs needed in Private Hospitals in KSA
	KSA Medical Administrative Regions
	Private Hospitals
	RTs Needed on PRIVATE General Floor
	PRIVATE-ICU Beds
	RTs Needed on PRIVATE ICU
	Total Private Hospitals Beds
	Total RTs Needed in PRIVATE Hospitals

	Riyadh
	41
	1166
	332
	286
	5747
	1452

	Jeddah 
	40
	700
	462
	398
	3714
	1098

	Ta'if
	4
	82
	107
	92
	489
	174

	Al'Ahsa
	6
	154
	12
	10
	728
	164

	Hafr Al'Baten
	2
	32
	0
	0
	150
	32

	Bishah
	0
	0
	0
	0
	0
	0

	Qurayyat
	0
	0
	0
	0
	0
	0

	Qunfudah
	0
	0
	0
	0
	0
	0

	Tabouk
	1
	19
	0
	0
	86
	19

	Al Madinah
	12
	217
	127
	109
	1135
	326

	Makkah
	7
	102
	0
	0
	473
	102

	Eastern Province
	23
	800
	364
	313
	4081
	1113

	Al-Qassim
	4
	51
	106
	91
	343
	142

	Bahah
	2
	27
	4
	3
	130
	30

	Ha'il
	3
	37
	0
	0
	170
	37

	Northern Borders
	0
	0
	0
	0
	0
	0

	Jizan
	3
	46
	36
	31
	250
	77

	Jawf
	0
	0
	0
	0
	0
	0

	Najran
	3
	48
	25
	22
	250
	70

	Asir
	12
	223
	101
	87
	1137
	310

	TOTAL
	163
	3704
	1676
	1442
	18883
	5146



Table 5: Total RTs needed in KSA
	KSA Medical Administrative Regions
	Population
	Total Hospitals
	Total Beds
	Total General Floor Beds
	Total intensive Care Beds
	Total RTS needed in the general Floor
	Total RTs in ICU
	Total Number of RTs Needed in All the Hospitals

	Riyadh
	8,446,866
	106
	19156
	17124
	2032
	3686
	1750
	5436

	Jeddah 
	4,767,662
	57
	8675
	7589
	1086
	1633
	935
	2568

	Ta'if
	1,331,913
	25
	3988
	3538
	450
	761
	387
	1148

	Al'Ahsa
	1,252,914
	17
	2953
	2695
	258
	580
	222
	802

	Hafr Al'Baten
	457,650
	10
	1439
	1304
	135
	281
	116
	397

	Bishah
	398,256
	7
	770
	696
	74
	150
	64
	214

	Qurayyat
	173,243
	4
	490
	434
	56
	93
	48
	141

	Qunfudah
	317,070
	5
	400
	338
	62
	73
	53
	126

	Tabouk
	930,507
	15
	2548
	2224
	324
	479
	279
	758

	Al Madinah
	2,188,138
	34
	4553
	3901
	652
	839
	561
	1400

	Makkah
	2,386,900
	18
	3360
	2909
	451
	627
	389
	1016

	Eastern Province
	3,318,189
	51
	9389
	8532
	857
	1837
	737
	2574

	Al-Qassim
	1,455,693
	23
	3202
	2755
	447
	593
	385
	978

	Bahah
	487,108
	12
	1295
	1194
	101
	257
	87
	344

	Ha'il
	716,021
	16
	1960
	1806
	154
	389
	133
	522

	Northern Borders
	375,310
	10
	1360
	1196
	164
	257
	141
	398

	Jizan
	1,603,659
	25
	2513
	2297
	216
	494
	186
	680

	Jawf
	347,494
	9
	1330
	1089
	241
	234
	208
	442

	Najran
	595,705
	16
	1862
	1611
	251
	346
	217
	563

	Asir
	1,863,362
	34
	3982
	3516
	466
	757
	402
	1159

	TOTAL
	33413660
	494
	75225
	66748
	8477
	14366
	7300
	21666



	According the summary of the estimated number of RTs needed in Saudi Arabia, most RTs are needed in the MOH hospitals (12,831 RTs across the MOH hospitals in KSA), followed by the private health care facilities in KSA that need an estimate 5,146 RTs, and non-MOH hospitals that that have the lowest estimated need for RTs at 3,689 RTs needed nationally. The number of RTs required depend on the availability of MOH, non-MOH, and private hospitals in the 20 medical administrative regions of Saudi Arabia. 

Figure 1: RTs needed in Private, MOH, and non-MOH Hospitals
The regions that need the least estimate for RTs in KSA are Qurayyat and Qunfudah, requiring an estimated 141 and 126 RTs (Table 4), respectively. Riyadh, Jeddah, and Eastern regions need the highest number of RTs estimated using the Telford Model, placing the estimates at 5,436, 2,568, and 2,574 RTs, respectively. 

Figure 2: Total RTs needed in the ICU (7,300 RTs) and RTs needed in the general floor (14,366 RTs)
The estimated distribution of RTs in KSA is associated with the population densities of the regions, the concentration of the number of hospitals, MOH, non-MOH, and private facilities, and the number of general floor and ICU beds present in these hospitals. The estimated number of RTs ensures that the respiratory care services at the facilities are provided throughout the year of prediction before the number of hospitals and beds increase in the future. The estimated number of RTs will meet the needs of respiratory care in the various health care facilities across the administrative regions of Saudi Arabia. RTs work in the regions will be complementary to the physicians work in several departments requiring the expertise of RTs to improve the health outcomes of the clinical efforts towards various medical interventions in KSA.  
8. [bookmark: _Toc40722485]R.T.s Distribution
	RTs' distribution across KSA will be determined by the population density of the regions, hospitals, and the total number of beds in the facilities. The Saudi Arabian Mission to the United States indicates that, currently, there are 1,501 RTs in KSA, out of which 1477 work in hospital settings while 24 are trainers. The health personnel distribution trends in KSA are also evident among RTs, where only 25 percent are Saudi nationals – 67 percent are from the Philippines, 6 percent are North Americans, and approximately 2 percent are from other regions across the world. Most of the RTs work in critical care units (60 percent), 22 percent are in the wards, about 7 percent are in administrative work, and the others work in equipment maintenance, diagnostics, and pulmonary management, among other areas. In terms of their educational backgrounds, 70 percent of the RTs in KSA have an undergraduate degree in respiratory care, 19.7 percent have associate degrees (diploma), 4 percent have entry-level certification in respiratory care, 1.4 percent have graduate qualifications in respiratory care.

In comparison, 5.4 percent of the RTs have no academic training in respiratory care and have obtained their skills through respiratory care experience in health care facilities. Other nations, such as China[endnoteRef:45], have successfully attained low RT to patient ratios within a short duration. Most (85 percent) of K.S.A. RTs have no accreditation from the National Board of Respiratory Care (NBRC), only 11 percent are registered RTs, and 4 percent are CRTs. Across the KSA provinces, there is a concentration of RTs in the central regions (50 percent), 23 percent in the Eastern part of the country, Northern region (3 percent), and the Southern region 2 percent. Accordingly, because of the RTs currently working in KSA, the respiratory care staff are not evenly (equally) distributed across the country[endnoteRef:46]. [45:  Li, J., Zhan, Q. Y., Liang, Z. A., Tu, M. L., Sun, B., Yao, X. L., ... & Wang, C. (2012). Respiratory care practices and requirements for respiratory therapists in Beijing intensive care units. Respiratory care, 57(3), 370-376.]  [46:  Saudi Arabian Cultural Mission (Sacm.org). Status of Respiratory Care in Saudi Arabia. https://www.sacm.org/MedicalUnit/Introduction5.aspx.] 

9. [bookmark: _Toc40722486]RT-to-Patient Ratio in KSA.
	Currently, Sacm.org indicates that the internationally recommended ratio of RTs in the ICU is 1:5. According to Alotaibi, 328 hospitals in KSA, about 78.6 percent, have no RTs operating in the facilities, and only 88 health care facilities have respiratory care services provided by RTs. The author links the small number of RTs to several reasons, including the fact that RT is a relatively new field in the KSA health care sector. Alotaibi indicates that the ratio they found in the hospitals was: RT to ICU beds (1:20)[endnoteRef:47] [endnoteRef:48]. In the United States, the rate ranges between 1:4 and 1:6 in the patient to RT ratios[endnoteRef:49]. According to the Telford staffing model developed, the hiring of RTs at a rate of 1:5 with patients would ensure that the RT spends appropriate time with patients served in the ICU. When the RTs work at a rate of 48 hours per week, there will be 21,666 RTs needed to work in the KSA hospitals.  [47:  Alotaibi (2015) … ]  [48:  Data USA. Respiratory Therapists. https://datausa.io/profile/soc/respiratory-therapists.]  [49:  Ajao, A., Nystrom, S. V., Koonin, L. M., Patel, A., Howell, D. R., Baccam, P., ... & Meltzer, M. I. (2015). Assessing the capacity of the US health care system to use additional mechanical ventilators during a large-scale public health emergency. Disaster medicine and public health preparedness, 9(6), 634-641.] 


Table 7: Ratios and Shifts (Telford Staffing Model Formula)
	
	


	shift length (hours)
	24 (12 day and 12 night)

	Days
	7

	Per week hours
	48

	Sick leave, off-days, etc.
	23%

	Ratio in ICU
	1:5

	Ratio in the floor
	1:20

	
	

	
	

	
	


	According to the Telford staffing plan. The 23 percent rate determines the number of the RTs might not be at work because of numerous issues, including sick leaves, off-duty days, and other related reasons that will make the some of the RTs unavailable from duty in the hospitals in KSA. Therefore, the model of Telford considers adding 23% of the total RTs required in the hospitals depending on the determined ratios in previous studies, to ensure that despite the absence of some of the RTs in the hospitals.
10. [bookmark: _Toc40722487]Conclusion
	The estimated number of RTs needed in KSA is 21,666 RTs (annually) required to match the total 75,225 beds obtain RT therapists services across all the KSA hospitals at any one time based on the Telford staffing model in all the hospitals in Saudi Arabia, including those owned, and operated by MOH, other government services, and private facilities. The need to hire RTs is aimed at improving the health care services and outcomes in the health care facilities in Saudi Arabia. In all ICUs, with 8,477 beds, the estimated number of RTs needed in KSA is 7,300 RTs, according to the model (requiring 7,300 RTs to keep the them on duty for two 12 hours shifts [day and night] throughout the year in respiratory care). The model allows the addition and removal of the general floor’s bed capacities to the ICUs where RTs services are needed. In the general floor, with a ratio of 1:20 there is need for 14,366 RTs to serve the 66,748 beds in the general section of all the hospitals in Saudi Arabia. The ratio used in obtaining this number of RTs is based on the Telford model, where a 20% rate of RTs to patients (1:5 in the ICU) was considered to attain the international standards of RTs-to-patients, in the ICUs across all the provinces in Saudi Arabia. The current ratio in Saudi Arabia, according Alotaibi is 1:11 average, with 1:9 in non-MOH hospitals and 1:20 in MOH hospitals[endnoteRef:50]. In this study, we use the ratio indicated in the Alotaibi (2015) study of 1:20 on the general floor beds, but apply the Canadian ratio of 1:5 in the ICU on all the hospitals in KSA.     [50:  Alotaibi (2015) … ] 

Attaining this capacity will enable MOH to improve the efficiency of the country's health care sector through improving the effectiveness of the hospital units where RT is required. The reduction of the current ratio of 1:20 RT-to-patient in the ICU beds in KSA hospitals coming down to 1:5 will meet the international rate and improve respiratory care units in the various government and private facilities. Additionally, the hiring of RTs to attain the recommended number will also facilitate the distribution of RTs to the understaffed regions in the north, east, and south of the country, where there are high population densities but no enough RTs to offer respiratory care services to the population. The concentration of RTs in the central region of the country is also associated with the expatriate dominated health care system in KSA, which will be solved by the training and hiring of RTs who are local Saudis to work in the areas away from the big cities and densely populated regions of Saudi Arabia. 
The main recommendation associated with the increasing the number of RTs in KSA involves determining the capacity of the current 13 different colleges based on the study on governmental and private universities that teach and train RTs in Saudi Arabia[endnoteRef:51]. There is a huge gap between the current number of RTs (1,501) based on 2015 study and the optimum number based on this study in the Kingdom of Saudi Arabia[endnoteRef:52]. Therefore, more medical training school needs to invest in training respiratory therapists to increase the number of RTs that are Saudis without relying in expatriate RTs from Philippines, United States, neighboring countries in the Middle East, and Europe.  [51:  Alotaibi, & Al-Ahmari (2016) … ]  [52:  Alotaibi (2015) … ] 

	There are administrative, financial, qualification, and labor limitations in the proposal to hire the 7,300 RTs in KSA ICU beds to attain the internationally recommended ratio of 1:5 RTs-to-patient ratios in the ICU of the different facilities. The official nature of the government of KSA will require overcoming various barriers to obtain mass recruitment of RTs in KSA Hiring these RTs will come to a high labor cost to the government that controls approximately 60 percent of the health care sector of KSA. Another related issue is the shortage of trained RTs in KSA, whereby the government will be compelled to hire more expatriate RTs to work in Saudi Arabia government health facilities. Before KSA attains a local workforce that can meet the demand of RTs at 1:5, there will be a need to work with foreign RTs, who might cost more in terms of compensation and benefits. The limitations of this in this study are also associated with its model approach to estimate the optimal number of RTs in KSA. The current study did not consider RTs who work in pulmonary function tests, sleep lap, homecare, pulmonary rehab, colleges and medical training facilities, research center, and RTs administration in the hospital. The model was limited to the general floor and ICU beds in the 20  medical administrative regions in KSA through finding an optimal ratio using Telford’s staffing plan of ensuring RT services in hospitals at all times. RTs administration consist of different department such as, quality, education, and supply, among other departments, and each department has his own team of RTs. 
Additionally, there is an increasing number of hospitals which will lead to more RTs needed. For example, the total hospitals in KSA was 270 MOH in 2017 hospitals and 284 hospitals in 2018, according to the MOH yearbook (p.41) statistics. The annual increase in the number of hospitals over the last five years indicate that the increase in the number of hospitals in the next five years. The increase in the number of hospitals will also increase the number of beds on both the general floor and ICU beds that will necessitate more RTs in both sections all the hospitals in the country.                    


Refences
RTs needed in MOH (12,831), non-MOH (3,689), and Private (5,146) Hospitals in KSA


12831	3689	5146	
Total RTs needed in KSA

RTs needed on general floor beds	
14366	7300	
