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Development, implementation, and evaluation of a rapid response system at a Nigerian teaching hospital, a novel idea in sub-Saharan Africa
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Aim: Little is known about the incidence of clinical deterioration and cardiopulmonary arrest (CPA) on general hospital units in low-and middle-income countries (LMICs) or how rapid response systems (RRSs) might impact these events. Implementation of RRSs in high-income countries has been shown to reduce the incidence of CPA and mortality. The aim of this study was to determine whether implementation of an RRS is feasible in an LMIC medical center.

Methods: We developed and implemented an RRS in a large academic medical center in Lagos, Nigeria, in three phases: (1) Needs assessment and stakeholder engagement, (2) Infrastructure setup and education, and (3) Implementation and data collection. We collected data on incidence of rapid response events, attendance ratio and time of arrival of the designated clinical staff, triggers for the rapid response calls and common interventions at the events.

Results: Over the 7 months study period, 997 patients were admitted to the intervention-eligible units, and 95 RRS events occurred in 55 patients. In 11 RRS activations (11.6%), no rapid response team member responded. Anesthesia residents attended 73.7% of the events, and anesthesia techs and nurses attended roughly 38% each. Internal medicine residents responded to 13.7% of RRS activations. The average time to arrival was 13 min. The most common trigger was altered mental status, followed by hypoxia and hypotension. Seventy-six percent of patients survived their initial RRS activation, and 83% died while in hospital. Common interventions were vasopressor use, oxygen supplementation, and intravenous fluid administration. No patient was transferred to the designated intensive care unit after an RRS activation owing to lack of beds. Six patients were transferred to the makeshift ICU, all of which required vasopressor support.

Conclusion: While barriers remain, the development and implementation of an RRS program in an LMIC medical center is feasible.
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1 Introduction

Clinical deterioration resulting in cardiopulmonary arrest (CPA) among hospitalized patients on general hospital units (also known as failure to rescue) is associated with very high mortality and has best been described in high-income countries (1–4). An extensive body of literature demonstrates that in high-income countries, clear warning signs often precede deterioration to CPA, leaving substantial time to intervene (5, 6). Data for low- and middle-income countries (LMICs) are scarce but suggest an unacceptably high incidence of CPAs, many of which are not witnessed (7). Given that LMICs account for nearly 90% of all world-wide trauma-related deaths, maternal deaths, and deaths from overwhelming infections (5, 8, 9), we suspect that unrecognized clinical deterioration on general units in these countries contributes substantially to these high rates of adverse outcomes.

Rapid response systems (RRSs) were developed in high-income countries as a patient- safety intervention to address this dangerous problem (9, 10). At its core, an RRS includes an afferent component that establishes processes and criteria for identifying patients who are deteriorating or at risk of deteriorating and activating a response team of clinicians that forms the efferent component. Fully mature RRSs also include administrative components, education components, and components for collecting and analyzing data that are used for ongoing quality improvement and regulatory requirements.

The rapid response team is typically activated by single physiologic or laboratory data thresholds or amalgamated and weighted scores based on these data, as well as team or family member concern. The responding team is a multidisciplinary group of clinicians that may include physicians, nurses, anesthesia techs, pharmacists, and others, depending on local resources and staffing availability. This team may also proactively evaluate high-risk general unit patients (known as critical care outreach) and educate and act as a liaison to unit staff. Various RRS models have been implemented in many developed countries over the last 20–25 years as a potent patient-safety intervention. In the United States, they were endorsed by the Institute for Healthcare Improvement’s “100,000 Lives Campaign” in 2005 and then required by the American Joint Commission for Hospital Accreditation as part of the Commission’s Patient Safety Goal for 2009. Such programs have reduced unanticipated CPA and in-hospital mortality in developed countries for both adult and pediatric patients (9, 10).

Patient safety and mitigating preventable harm have become a global health priority; however, RRSs have not been fully evaluated in low-resource settings where the need is arguably the greatest. One study from an LMIC in South Asia demonstrated RRS effectiveness in reducing CPA and mortality (11). Such programs could have tremendous impact in sub- Saharan Africa. Because the hospitalized patients there are typically younger, often with relatively few comorbidities, well-orchestrated and timely response to acute deterioration could potentially prevent complete decline and CPA (12). Such programs may also serve as an indicator for the readiness of local healthcare systems in providing effective emergency, essential surgical, and anesthesia care as components of universal health coverage, as urged by the 68th Assembly of the World Health Organization (13).

Additionally, the implementation of RRSs may be especially beneficial in sub-Saharan Africa, where critical care facilities are scarce despite the greater burden of critical illness (14). For example, Uganda has one intensive care unit (ICU) bed per million population (8). Nigeria only has 380 critical care nurses for a population of 140 million, compared with more than 500,000 critical care nurses in the United States for a population of 324 million (15, 16). Therefore, complex patients are cared for on the general hospital unit, adding strain to overworked and under-resourced nurses. As a result, inadequate patient assessment and monitoring, inappropriate treatment, and communication breakdown contribute to poor outcomes in LMICs (17). Moreover, the implementation of RRSs could improve patient-safety culture through improved critical care training, care coordination, and earlier identification of deterioration trends that illuminate faulty processes.

In this report, we describe development and implementation of an RRS at Lagos University Teaching Hospital (LUTH), the effects of the RRS on the quality of critical care on general units and lessons learned about RRS implementation in similar contexts.



2 Materials and methods


2.1 Setting

Lagos University Teaching Hospital is a large tertiary teaching hospital in Nigeria. It is a government hospital with 761 beds and a six-bed ICU. The ICU is managed by anesthesiologists and patients on the floor units are managed by internal medicine doctors and surgeons. Nigeria is an LMIC in West Africa, with a total population of ∼ 182 million. The mortality rate of Nigerians adult males is 356 per 1,000 male adults https://data.worldbank.org/indicator/SP.DYN.AMRT.MA?locations. We established an academic partnership and collaboration between LUTH team members in Lagos, Nigeria, and the Johns Hopkins University School of Medicine in Baltimore, MD, United States, to develop and implement an RRS at LUTH. The project occurred in three phases: (1) Needs assessment and stakeholder engagement, (2) Infrastructure setup and education, and (3) Implementation rollout and data collection. We prospectively collected data on patient demographics and clinical outcome during the implementation. We had IRB approval from both Johns Hopkins University and LUTH.



2.2 Phase 1: needs assessment and stakeholder engagement

Investigators from Johns Hopkins traveled to Nigeria for an introductory meeting with hospital administrators and department heads. Participants included leadership in the departments of nursing, anesthesiology, surgery, internal medicine, and pharmacy, as well as the chief residents in these specialties. We jointly reviewed their existing practice of identifying and triaging high-acuity patients and the potential failure modes and deficiencies in their practice and processes. We subsequently discussed the proposed project and its potential usefulness in improving the delivery of quality care to the patients at LUTH. We jointly identified potential hurdles to successful implementation, including perceptions of increased work burden, lack of standardized triggers for rapid response calls, poor organization of command chains, poor communication infrastructure, poor access to emergency medications and clinical monitors, and limitations in the number of ICU beds. We worked with staff and local vendors to address some of the potential obstacles.



2.3 Phase 2: infrastructure setup and education


2.3.1 Communication tools

We worked with a local telecommunications company to create stationary phones on the study units that were designed to call mobile “rapid response phones” with the push of one number. This call was intended to activate the mobile phones that would be carried by members of the rapid response teams.



2.3.2 Crash carts and monitors

We worked with the nursing team and pharmacists to update the crash carts with essential supplies and medications, including advanced cardiac life support medications. Importantly, patients were to be charged for the medications after administration in an emergency setting, as opposed to the existing practice of having family members purchase the medications from the pharmacy before use, a very time-inefficient and costly practice.



2.3.3 Assessment tools

The research team and the providers at LUTH endorsed the use of the Modified Early Warning Score (MEWS) protocol as an identification tool (18, 19). MEWS is a vital sign–driven protocol that amalgamates data into a weighted score for predicting deterioration risk and is used by bedside nurses to identify at-risk patients (Figure 1) (20).
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FIGURE 1
Modified Early Warning Scores (MEWS) used to determine when the rapid response system should be activated (21).


Nurses were then empowered to activate the RRS team with the established protocol.



2.3.4 Rapid response team (RRS efferent component)

Rapid response teams consisted of two providers (an anesthesia resident and an internal medicine resident), a senior ICU nurse with the expertise and clinical flexibility to attend remote events and an anesthesia technician. The anesthesia technician functioned both in and out of the operating room as airway support personnel, facilitating access to airway equipment, and providing technical assistance for airway support among their other duties. Rapid response team members had a weekly schedule, and each carried a dedicated RRS mobile phone while on call.



2.3.5 The study units

Two intervention units were identified based on perceived readiness for culture change (one medical unit and one surgical unit). The study team spent time in these units to observe current practices, engage the local staff, and identify a local champion. In each intervention unit, a crash cart was positioned close to the nursing station, along with a makeshift, temporary ICU bed that could be used until a dedicated ICU bed became available or until the patient improved sufficiently to return to their regular unit bed. The decision to use the makeshift ICU bed would be at the discretion of the rapid response teams. Colorful paper copies of the MEWS tool sheet were available on the units and attached to each patient’s chart for easy access (Figure 1). Two control units were identified for comparison purposes.



2.3.6 Campus-wide education and introduction of the project

We embarked on intensive training both for the frontline providers who were involved in the identification of at-risk patients and for responding providers. Designated members of the research team participated in a campus-wide multidisciplinary grand rounds with over 100 attendees. We delivered more focused training to the providers and nursing staff who would eventually constitute the rapid response teams.

The bedside nurses (afferent limb) received an online training course on the MEWS tool that would be used to identify at-risk patients. The house staff on the response teams (efferent limb) were trained in the Fundamentals of Critical Care Support, a course designed by the Society of Critical Care Medicine to train non-intensivists to identify and manage critically ill patients pending appropriate critical care consultation1. The nursing staff and anesthesia technicians who were part of the efferent limb of the RRS were also engaged in intensive nursing critical care courses before implementation.




2.4 Phase 3: implementation and data collection

We implemented the RRS in January 2019 and collected data through July 2019. We collected data on patients admitted to the intervention units and control units by using prospective chart reviews that included data on patient demographics, admission diagnosis, comorbid conditions, hospital length of stay, and mortality.

On a bimonthly basis, we provided motivational lunches and talks by inspirational guest speakers. We gave awards to the most “responsive resident” and “best RRS nurse,” and monthly “Nurse Angel” awards. In addition, rapid response team T-shirts were used to motivate and encourage the residents and nurses.

All RRS calls were reviewed during a monthly meeting of stakeholders from the various departments. Data obtained from the data collection tool were collated, and successes and barriers were discussed and recorded. Improvement plans were put in place regularly. We defined feasibility as having at least two members of the efferent team respond to RRS event more than 50% of the time.




3 Results

The RRS was implemented over a 7 months period during which 577 patients were admitted to the intervention units and 420 to the control units (Table 1). A total of 95 events in the intervention units prompted activation of the RRS team. Eighty-four (88%) of these activations resulted in at least one team member response to the activation. In 11 RRS activations (11.6%), no rapid response team member responded. None of the RRS events had all four team members present (Figure 2A). Anesthesia residents were the most frequent responders, arriving at 70 events (73.7%), followed by anesthesia techs and nurses with ∼38% attendance each (Figure 2B). The average time to arrival of any rapid response team member was 13 min. The clinicians that missed the rapid response reported being occupied with other clinical responsibilities at the time of the events.


TABLE 1 Baseline characteristics for patients admitted to intervention units from January 2019 through July 2019.


	Characteristics
	Categories
	Survival group (n = 474)
	Mortality group (n = 103)
	P-value





	Age, years, median (IQR)
	–
	45 (34–60)
	56 (44–49)
	0.001



	Age, n (%)
	18–44
	209 (44.1)
	28 (27.2)
	0.002



	45–64
	166 (35.0)
	40 (38.8)
	



	> 64
	99 (20.9)
	35 (34.0)
	



	Sex, n (%)
	Male
	246 (51.9)
	56 (54.4)
	0.759



	Female
	228 (48.1)
	47 (45.6)
	



	Diagnosis, n (%)
	Infection
	88 (18.6)
	20 (19.4)
	0.000 (p < 0.001)



	Neoplasm
	60 (12.7)
	33 (32.0)
	



	Neurologic
	54 (11.4)
	5 (4.9)
	



	Cardiac
	64 (13.5)
	16 (15.5)
	



	Other
	208 (43.8)
	29 (28.2)
	



	Pre-existing conditions, n (%)
	DM
	81 (17.1)
	14 (13.6)
	0.559



	CKD
	35 (7.4)
	8 (7.8)
	1.000



	HIV/AIDS
	24 (5.1)
	9 (8.7)
	0.091



	HTN
	183 (38.6)
	37 (35.9)
	0.692



	LOS, days, median (IQR)
	–
	9 (5–15)
	10 (4.5–19)
	0.002



	Characteristics
	Categories
	Survival group (n = 351)
	Mortality group (n = 69)
	P-value



	Age, years, median (IQR)
	–
	46 (37–60)
	44 (37–65)
	0.421



	Age, n (%)
	18–44
	152 (43.3)
	35 (50.7)
	0.033



	45–64
	137 (39.0)
	16 (23.2)
	



	> 64
	62 (17.7)
	18 (26.1)
	



	Sex, n (%)
	Male
	164 (46.7)
	32 (46.4)
	1.000



	Female
	187 (53.3)
	37 (53.6)
	



	Diagnosis, n (%)
	Infection
	74 (21.1)
	18 (26.1)
	0.085



	Neoplasm
	57 (16.2)
	17 (24.6)
	



	Neurologic
	79 (22.5)
	7 (10.1)
	



	Cardiac
	20 (5.7)
	2 (2.9)
	



	Other
	121 (34.4)
	25 (36.2)
	



	Pre-existing conditions, n (%)
	DM
	72 (20.5)
	8 (11.6)
	0.194



	CKD
	22 (6.3)
	4 (5.8)
	0.735



	HIV/AIDS
	26 (7.4)
	10 (14.5)
	0.092



	HTN
	140 (39.9)
	20 (29.0)
	0.117



	LOS, days, median (IQR)
	–
	10 (6–17)
	11 (4–27)
	0.001






AIDS, acquired immunodeficiency syndrome; CKD, chronic kidney disease; DM, diabetes mellitus; HIV, human immunodeficiency virus; HTN, hypertension; IQR, interquartile range; LOS, length of stay.
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FIGURE 2
Characteristics of rapid response team activations. (A) Number of rapid response team members per event. (B) Rapid response attendance by role. (C) Indications for rapid response team activation. (D) Rapid response team event number stratified by outcome. ICU, intensive care unit; RRT, rapid response team.


The most common trigger for an RRS activation was altered mental status, followed by hypoxia and hypotension (Figure 2C). The 95 RRS activations involved 55 unique patients. Six patients had two RRS activations and 17 had three RRS activations during their hospital course. Figure 2D shows the percent distribution of the 95 RRS activations stratified by RRS event number for each patient and outcome (dead or alive) of the rapid response intervention.

Of the 55 first-time RRS activations, 42 (76%) patients survived the event. However, 35 (83%) patients who survived ultimately died during their hospital course. Interventions commonly included the addition or optimization of vasopressors (42%), intravenous fluid administration (42%) and oxygen supplementation (21%), (Table 2). None of the RRS activations resulted in a transfer to the designated ICU because no beds were available. Six patients were managed in the temporary ICU beds set up on the intervention units, as described in the Methods. This decision was made at the discretion of the rapid response team and based on availability of the continuous monitor. The family refused advanced ICU care on two occasions owing to financial constraints.


TABLE 2 Frequency of interventions during rapid response team activation.


	Intervention
	Frequency (% of rapid response events)





	Oxygen support
	20 (21%)



	Intravenous fluid
	40 (42%)



	Vasopressor support
	40 (42%)



	Antibiotics
	1 (< 1%)



	Intubation
	3 (< 1%)



	ICU transfer.
	0 (0%)



	Blood transfusion
	1 (< 1%)



	Makeshift ICU with continuous monitoring
	6 (< 1%)






ICU, intensive care unit.




Mortality rate was slightly lower in the control units during the investigation period, although our study was not adequately powered to determine a difference (Table 3).


TABLE 3 Admissions and mortality rates in control and intervention units from January 2019 Through July 2019.


	Interventions units
	Survival group
	Mortality group (%)
	P-value





	Interventions units



	E5
	228
	56
	0.729



	A3
	246
	47
	



	Total
	474
	103 (21.7)
	–



	Control units



	A2
	164
	32
	1.000



	A4
	187
	37
	



	Total
	351
	69 (19.7)
	–



	Combined Total
	997
	172
	–








4 Discussion

We successfully implemented an RRS at a resource-limited LMIC hospital (LUTH) through multidisciplinary engagement and staff organization, intense education, and initiation of improved communication structures, protocols, and critical care tools. To our knowledge, little has been published on such implementation in a resource-limited environment (20, 22). This program was overall well received and perceived to be of great benefit to the staff and patients at LUTH. Using a train-the-trainers model, this program is potentially scalable to units such as maternal medicine, the emergency department, and perhaps other teaching hospitals in the country (23, 24).

Many obstacles and limitations were encountered during this project that should be considered before expansion to other areas of the hospital or other institutions in resource- limited LMIC facilities. One of the primary and initial obstacles encountered was a delay in establishing a telephone system to standardize activation of the rapid response team members, which in turn delayed implementation of the rapid response program. Such a was a novel concept in Nigerian public hospitals, where everyone who has a personal mobile phone uses it in a decentralized manner for communication. However, that system was inadequate for implementing an RRS and required multiple consultations with different telecommunications companies to create a model that would work at the hospital. Centralized communication systems are ubiquitous in high-income countries, but establishing an effective, affordable, standardized method of activating the RRS team members can be quite difficult in LMICs.

A second obstacle was the perceived additional workload among both the nursing and house staff. Nurses are often overextended, especially during night shifts, because of the high number of high-acuity patients and high patient-to-nurse ratios, sometimes as high as one nurse to eight patients. During preparation for implementation, the nursing staff expressed concern over the perceived additional burden (especially documentation burden) on the already overtasked workforce. We addressed this concern by simplifying the documentation to one page. Although this change truncated the amount of data collected by event, it was a compromise that was necessary to promote documentation compliance.

A more challenging obstacle and limitation to address was the resistance from the medicine house staff to participate in what they perceived as a research project that was of minimal benefit to them. We addressed this concern in several meetings where the house staff were encouraged to view the quality improvement project as an opportunity for improving the care that they provided to patients who were already on their service, as well as the potential to improve outcomes and their hospital policy. Despite these efforts, internal medicine resident attendance at RRS activations remained substantially lower than that of the other team members. Improved strategies for motivation and engagement are necessary.

Other limitations and obstacles inherent to the healthcare systems in LMIC environments that we encountered included the common practice of requiring family members to purchase medications from the pharmacy before administration. Such systems do not exist in the hospitals and countries that have contributed nearly all of the data in support of RRS effectiveness. The delays from this type of pharmaceutical economic system severely impede the administration of potentially life-saving therapies during critical patient deteriorations and emergencies. Charging patients/families after the administration of indicated medications was a major culture change for LUTH and not without its associated financial risks should the patient and family be unable to pay. These financial hardships were also noted in the fact that in two of the RRS activations, the family refused escalation of care to the ICU because of costs. Cost considerations by the hospital and health system, as well as by the patients and their families, will remain a challenging barrier to success.

Notably, none of the patients who had an RRS activation were transferred to the ICU, though several met criteria. The literature reports different rates for ICU admission after an RRS activation (25), but most patients remain on the general unit after assessment and treatment by the rapid response team. We are unable to compare our findings with those of that body of literature, which is generated almost exclusively in countries and environments where ICU access is not limited or only minimally limited. LUTH, a 761-bed tertiary academic medical center, has only six ICU beds. In contrast, Johns Hopkins Hospital, a 960-bed institution, has 128 adult ICU beds, a ratio more typical of high-income countries. The severe limitation on ICU bed access in LMICs has implications for the implementation of RRS in those environments. There were 40 rapid response events that prompted the use of vasopressors, six of which utilized the temporary ICU-capable beds. This mobile ICU is a potential strategy for stabilizing patients and keeping them on the general unit.

This program helped highlight some of the deficiencies in the existing system, such as inadequate staffing and organization, inconsistent access to emergency supplies, and inadequacies of existing communication tools. Another important issue that was revealed was the weak infrastructure for identification and triage of terminally ill patients, resulting in minimal palliative care services and overuse of already scarce resources such as ventilators.

A final limitation is that this was a single-center study. However, we believe that LUTH is prototypical of most academic centers in Nigeria and perhaps in other LMICs and therefore a good model for what can be replicated at many institutions throughout Nigeria and sub-Saharan Africa.



5 Conclusion

Our study supports the hypothesis that the development and implementation of an RRS in an LMIC hospital is feasible. However, there is a need for more trained personnel and better infrastructure and standardized protocols for larger scale dissemination. Barriers such as physician engagement remain an impediment to full utilization. The documentation of RRS events and focused multidisciplinary review of each event can improve the quality of this intervention. Hospital buy-in and investment in staff and infrastructure can expand the impact of such programs throughout regional and national hospitals.
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Footnotes


1      https://www.sccm.org/Education-Center/Educational-Programming/Fundamentals/Fundamental-Critical-Care-Support



References

	1. Charlson M, Sax F, MacKenzie C, Braham R, Fields S, Douglas R. Morbidity during hospitalization: Can we predict it? J Chronic Dis. (1987) 40:705–12. doi: 10.1016/0021-9681(87)90107-x

	2. Schein R, Hazday N, Pena M, Ruben B, Sprung C. Clinical antecedents to in-hospital cardiopulmonary arrest. Chest. (1990) 98:1388–92. doi: 10.1378/chest.98.6.1388

	3. Smith A, Wood J. Can some in-hospital cardio-respiratory arrests be prevented? A prospective survey. Resuscitation. (1998) 37:133–7. doi: 10.1016/s0300-9572(98)00056-2

	4. Franklin, C, Mathew J. Developing strategies to prevent inhospital cardiac arrest: Analyzing responses of physicians and nurses in the hours before the event. Crit Care Med. (1994) 22:244–7. doi: 10.1001/jama.1991.03460210061030

	5. Buist M, Jarmolowski E, Burton P, Bernard S, Waxman B, Anderson J. Recognising clinical instability in hospital patients before cardiac arrest or unplanned admission to intensive care. A pilot study in a tertiary-care hospital. Med J Aust. (1999) 171:22–5. doi: 10.5694/j.1326-5377.1999.tb123492.x

	6. Bedell S, Deitz D, Leeman D, Delbanco T. Incidence and characteristics of preventable iatrogenic cardiac arrests. JAMA. (1991) 265:2815–20. doi: 10.1097/00003246-199402000-00003

	7. Bellomo R, Goldsmith D, Uchino S, Buckmaster J, Hart G, Opdam H, et al. Prospective controlled trial of effect of medical emergency team on postoperative morbidity and mortality rates. Crit Care Med. (2004) 32:916–21. doi: 10.1097/01.ccm.0000119428.02968.9e

	8. Mock C, Joshipura M, Goosen J, Lormand J, Maier R. Strengthening trauma systems globally: The essential trauma care project. J Trauma. (2005) 59:1243–6. doi: 10.1097/01.ta.0000197290.02807.de

	9. Winters B, Weaver S, Pfoh E, Yang T, Pham J, Dy S. Rapid-response systems as a patient safety strategy: A systematic review. Ann Intern Med. (2013) 158:417–25. doi: 10.7326/0003-4819-158-5-201303051-00009

	10. Maharaj R, Raffaele I, Wendon J. Rapid response systems: A systematic review and meta-analysis. Crit Care. (2015) 19:254. doi: 10.1186/s13054-015-0973-y

	11. Dünser M, Baelani I, Ganbold L. A review and analysis of intensive care medicine in the least developed countries. Crit Care Med. (2006) 34:1234–42. doi: 10.1097/01.CCM.0000208360.70835.87

	12. Jochberger S, Ismailova F, Lederer W, Mayr V, Luckner G, Wenzel V, et al. Anesthesia and its allied disciplines in the developing world: A nationwide survey of the Republic of Zambia. Anesth Analg. (2008) 106:942–8. doi: 10.1213/ane.0b013e318166ecb8

	13. Price R, Makasa E, Hollands M. World Health Assembly Resolution WHA68.15: Strengthening Emergency and Essential Surgical Care and Anesthesia as a component of universal health coverage—addressing the public health gaps arising from lack of safe, affordable and accessible surgical and anesthetic services. World J Surg. (2015) 39:2115–25. doi: 10.1007/s00268-015-3153-y

	14. Firth P, Ttendo S. Intensive care in low-income countries–A critical need. N Engl J Med. (2012) 367:1974–6. doi: 10.1056/NEJMp1204957

	15. Requejo J, Merialdi M, Bustreo F. Improving global maternal health: Progress, challenges, and promise. Curr Opin Obstet Gynecol. (2011) 23:465–70. doi: 10.1097/GCO.0b013e32834cdc9b

	16. Cheng A, West T, Limmathurotsakul D, Peacock S. Strategies to reduce mortality from bacterial sepsis in adults in developing countries. PLoS Med. (2008) 5:e175. doi: 10.1371/journal.pmed.0050175

	17. Murthy S, Adhikari N. Global health care of the critically ill in low-resource settings. Ann Am Thorac Soc. (2013) 10:509–13. doi: 10.1513/AnnalsATS.201307-246OT

	18. Gardner-Thorpe J, Love N, Wrightson J, Walsh S, Keeling N. The value of Modified Early Warning Score (MEWS) in surgical in-patients: A prospective observational study. Ann R Coll Surg Engl. (2006) 88:571–5. doi: 10.1308/003588406X130615

	19. Kruisselbrink R, Kwizera A, Crowther M, Fox-Robichaud A, O’Shea T, Nakibuuka J, et al. Modified Early Warning Score (MEWS) Identifies critical illness among ward patients in a resource restricted setting in Kampala, Uganda: A prospective observational study. PLoS One. (2016) 11:e0151408. doi: 10.1371/journal.pone.0151408

	20. Rashid M, Imran M, Javeri Y, Rajani M, Samad S, Singh O. Evaluation of rapid response team implementation in medical emergencies: A gallant evidence based medicine initiative in developing countries for serious adverse events. Int J Crit Illn Inj Sci. (2014) 4:3–9. doi: 10.4103/2229-5151.128005

	21. DeVita MA Textbook of rapid response systems: Concept and implementation, 3rd Edn. Cham: Springer (2024). doi: 10.1007/978-3-031-67951-3

	22. Anwar-ul-Haque N, Saleem AF, Zaidi S, Haider SR. Experience of pediatric rapid response team in a tertiary care hospital in Pakistan. Indian J Pediatr. (2010) 77:273–6. doi: 10.1007/s12098-010-0032-2

	23. Nexø M, Kingod N, Eshøj S, Kjærulff E, Nørgaard O, Andersen T. The impact of train-the-trainer programs on the continued professional development of nurses: A systematic review. BMC Med Educ. (2024) 24:30. doi: 10.1186/s12909-023-04998-4

	24. Anderson C, Taira B. The train the trainer model for the propagation of resuscitation knowledge in limited resource settings: A systematic review. Resuscitation. (2018) 127:1–7. doi: 10.1016/j.resuscitation.2018.03.009

	25. Kurita T, Nakada T, Kawaguchi R, Fujitani S, Atagi K, Naito T, et al. Impact of increased calls to rapid response systems on unplanned ICU admission. Am J Emerg Med. (2020) 38:1327–31. doi: 10.1016/j.ajem.2019.10.028




Copyright
 © 2025 Ariyo, Lee, Latif, Egbuta, Pandian, Bankole, Desalu, Sampson and Winters. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Development, implementation, and evaluation of a rapid response system at a Nigerian teaching hospital, a novel idea in sub-Saharan Africa



		1 Introduction



		2 Materials and methods



		2.1 Setting



		2.2 Phase 1: needs assessment and stakeholder engagement



		2.3 Phase 2: infrastructure setup and education



		2.3.1 Communication tools



		2.3.2 Crash carts and monitors



		2.3.3 Assessment tools



		2.3.4 Rapid response team (RRS efferent component)



		2.3.5 The study units



		2.3.6 Campus-wide education and introduction of the project







		2.4 Phase 3: implementation and data collection







		3 Results



		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/fmed-12-1583470-g002.jpg
>

11.60%

0

Percentage of time present

29.50%

1
Number of RRT members per event

42.10%

16.80%

—
| —
| —
—
—
—
E—
—

0.00%

2 3 4

= Altered consciousness = Hypoxia

= Hypotension

= Bradycardia

= Tachycardia

= Hypertensive Crisis

Total number of patients

30
25
20
15
10

Percentage of time present

73.70%

38.90% 37.90%

13.70%

Medicine Anesthesia Respiratory ICU nurse
resident resident  therapist

8
—

B Alive H Dead
28

11
6
B = .
1 2 3

Number of Rapid Response Events





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Development, implementation,
and evaluation of a rapid
response system at a Nigerian
teaching hospital, a novel idea
in sub-Saharan Africa





OPS/images/fmed-12-1583470-g001.jpg
LAGOS UNIVERSITY
TEACHING HOSPITAL

<01
=39 | | | [ 2 ] | | | =39"C
] L | | | | 1 | 38°C
37 *C | | | D | | | 37 *C
36*C I | | D | | | 36°C
<50 I | 1 2 1 | 1 | <50
=200 | | 1 1 | i’ 1 | I | =200
_170-188 ) [ | | | | | | 1 70-1595
50 | [ | 1 | | | | | 100-165
v = I | | | 1 | | { 40-99
=13 | = 130
101 -110 i | | ;I ] 11 100 - 110
51 -100 ] I | | O | ] | 51 - 100
41-501 | | | =
Alart , I 1 _ | 2 [ | | 1 |
Vowca ) | L | 1 | | |
: |
| | | | |

Please call RRT if MEWS Score > 6 by calling 090-87004744












OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine







