
Appendix Methods: 

The National Institute for Health and Care Excellence (NICE) quality appraisal tool has four 

domains: characteristics of the population, allocation methods, outcomes, and analyses. Each 

domain has multiple questions for which there are five response options: (1) study has been 

conducted in such a way to minimize the risk of bias (++), (2) study has not addressed all 

potential sources of bias (+), (3) significant sources of bias persists in the study (-), (4) not 

reported or (5) not applicable. A fifth domain summarizes the overall quality of the included 

study based on the assessments of the four domains. The overall quality of each included study 

was assessed as either low quality (-), moderate quality (+) or high quality (++), based on 

adjudications made on the four individual domains for that study.  

Appendix Results: 

1. Patient triage acuity rating: Various scales such as Emergency Severity Index (ESI), 

Australasian Triage Scale (ATS), the Canadian Triage or Acuity Scale (CTAS) or triage acuity 

rating scale were used to assess the acuity levels patients arriving at the ED. Six included 

studies1-6 (15%) reported triaging patients who were triage category 3-5 (one study 

involved <10% of category 3 patients, two studies2,7 involved >20% of category 3 

patients, and three studies1,4,5 did not report the percentage of patients in each category 3-

5). Five included studies8-12 (10%), reported triaging both low and high acuity patients 

(with approximately 90% of category 3-5 patients). Fourteen (35%) studies13-26 did not 

report acuity levels of patients.  

2. Time to physician initial assessment (PIA) sub-grouped by various PHCP 

interventions:  

Of the 14 studies, the majority18,26,32,42,48,61,63,66,67 (n = 9) reported the effect of NP team 

triage on PIA, and the rest reported either the effect of GP team triage54,69 (n = 2) or nurse 
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triage-plus39,51,60 (n=3) on PIA, respectively. All studies in NP team triage group showed 

a decrease in PIA (median [range]= -21.7 minutes [-2.3 to -50]) favoring the intervention 

group. In the nurse triage-plus group all except one51 showed a decrease in PIA (median 

[range]= -2.4 minutes [-2 to -31]), Among the two studies54,69 in GP team triage group, 

one prospective CBA interventional study54 reported statistically significant decrease (-18 

minutes) in PIA favoring the intervention group. Whereas the second cross-sectional 

observational study69 showed an increase (4.43 minutes) in PIA (reported as statistically 

significant), favoring the traditional nurse-led triage model.  

3. Emergency department length of stay (ED LOS) sub-grouped by various PHCP 

interventions:  

Twenty studies7,8,13-19,21-31 reported on the effect of nurse triage-plus on ED LOS, nine 

studies1,2,4-6,10,32-34 reported on the effect of NP team triage on ED LOS, and one study11 

on the effect of GP team triage on ED LOS. Seventeen studies7,8,13,15-19,21,23-25,27-31 in the 

nurse triage-plus model reported a decrease (median = -18 minutes) in ED LOS favoring 

the intervention group. All nine studies1,2,4-6,10,32-34 in the NP team triage model showed a 

decrease (median = -28.50 minutes) in ED LOS favoring the intervention group. One 

study in the GP team triage model did not show any significant difference in ED LOS 

between comparison groups.  

Four studies reported percentage of patients discharged within benchmark times 

(ED specific). Rogers et al. reported 41% of patients discharged from the ED within one 

hour in the NP team triage group compared to only 16% patients discharged within one 

hour in the traditional nurse-led triage group. Tsai et al.35 reported that 30% of low-acuity 

patients in the NP team triage group discharged in 90 minutes compared to 12% in the 
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traditional nurse-led triage group. Day et al.1 reported that 85.7% of patients discharged 

under 6 hours in the NP team triage group compared to 80.1% in the traditional nurse-led 

triage group. Uthman et al.36 reported that 98.1% of patients discharged under 4 hours in 

the in the NP team triage group compared to 94.7% in the traditional nurse-led triage 

group. 

4. Effect of PHCP intervention on number of repeat ED visits 

Zager et al.6 reported a 5% decrease in ED visits in the NP team triage group (conducted 

triage, medical screening exam (MSE) and discharged low-acuity patients with a same 

day appointment at the GP clinic co-located with the ED) compared to the traditional 

nurse-led triage model (statistical significance not reported). Day et al.1 investigating NP 

team triage (provider at triage model) reported 2194 ED visits (over 6 weeks) during pre-

intervention period compared to 1699 patient visits (over one month) during the post-

intervention period (statistical significance not reported). Tucker et al.34 investigated the 

effect of NP team triage on ED visits and reported an increase in the number of patients 

visiting ED by 51 visits per month (statistical significance not reported) compared to the 

traditional nurse-led triage model. Bersselaar et al.37 investigated the effect of GP team 

triage and x-ray requests (at the emergency care access point (ECAP) in which ED and 

GP work together) on ED visits, and reported that 68% of patient visits were treated by 

the GP without ED referral leading to a reduction of 4.5% annual ED patient visits. Kool 

et al.38, a CBA study, investigated the effect  of GP team triage at the integrated 

emergency post (IEP) with a joint reception for the ED and a GP clinic on ED visits 

compared to the control sites that are not IEP (traditional nurse-led triage model), and 

reported a statistically significant decrease (6257 to 5715) in the number of patient visits 
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at the ED at IEPs and an statistically significant increase (3985 to 4321) in the number of 

ED attendances at the control sites. Gaucher et al20 reported that number of return ED 

visits decreased from 8.1% to 6.1% in the nurse triage-plus group compared to the 

traditional nurse-led triage model.   

5. Effect of PHCP intervention on patient satisfaction 

Kool et al.37 reported no differences in patient satisfaction between patients who visited 

IEPs (GP team triage) compared to those who visited ED’s at control sites, but patients 

who were phone triaged at the IEP were more satisfied (statistically significant) 

compared to the control sites EDs37. Tucker et al.34 investigated the effect of NP team 

triage on ED visits and reported that patient satisfaction remained high (greater than 90%; 

statistical significance not reported) compared to the traditional nurse-led triage model. 

Gardner et al.32 reported that with NP team triage, 62-65% of patients were more satisfied 

with their ED LOS, PIA and quality of care compared to traditional nurse-led triage 

model. Hayden et al.2 investigated the impact of NP team triage (provider at triage 

model) on patient satisfaction and reported that patient satisfaction decreased slightly in 

the post-intervention period compared to the pre-intervention period but this decrease 

was not statistically significant. Five7,12,15,16,25 studies reported an increase in patient 

satisfaction scores in the nurse triage-plus model compared to the traditional nurse-led 

triage model, whereas one18 study reported no difference between groups. 

6. Effect of PHCP intervention on time to triage 

One RCT28 showed a non-significant decrease in time to triage in the nurse triage-plus 

group compared to traditional nurse-led triage group. Two pre-post studies33,38 reported 

the effect of NP team triage on time to triage compared to the traditional nurse-led triage 
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model. MacKenzie et al.38 reported statistically significant decrease (pre-intervention 

time to triage (Median: 4; IQR: (2, 10)); post-intervention time to triage (Median: 3; IQR: 

(1, 8)) favoring the intervention. Rogers et al.33 reported that 98% percentage of patients 

in the NP team triage intervention group were triaged within 15 minutes compared to the 

comparison group (75% of patients triaged within 15 minutes).   
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Appendix Table 1: Inclusion and exclusion criteria 

 Inclusion criteria Exclusion criteria 

Population Patient population (children and 

adults of any age) visiting the ED 

 

Intervention Any ED triage intervention or 

strategy involving primary 

healthcare providers (family 

physicians/general practitioner 

(GP), nurse practitioner (NP), or 

nurse given increased authority)  

Studies reporting triage 

intervention involving 

emergency physicians 

(ED MD) or exclusively 

physician assistants 

Comparator Traditional nurse-led triage 

(standard care) 

 

Outcomes Primary outcomes: Time to 

provider initial assessment 

 

Secondary outcomes: ED LOS, 

proportion of patients that left 

without being seen (LWBS), ED 

length of stay patient satisfaction, 

proportion of patients leaving 

against medical advice (LAMA), 

time to triage, and number of ED 

visits. 

 

Study Design Any comparative study design 

(randomized and quasi-

randomized clinical trials, non-

randomized controlled clinical 

trial/controlled before and after 

studies (CBA), case control 

studies, controlled cohort studies, 

interrupted time series, pre-post 

intervention/uncontrolled before 

and after studies) 

Reviews, commentary, 

case reports, editorials, 

historical articles, non-

human studies 
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Appendix Table 2: Medline search strategy 

                         
Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed 
Citations and Daily <1946 to January 10, 2020> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     exp primary health care/ (140156) 
2     physicians, family/ (15853) 
3     family practice/ (64029) 
4     Physicians, Primary Care/ (2703) 
5     general practice/ (11719) 
6     general practitioners/ (6381) 
7     (primary adj2 (care or health*)).ti,ab,kf. (129329) 
8     ((general or family) adj (practice* or practitioner*)).ti,ab,kf. (84810) 
9     (GP or GPs).ti,ab,kf. (51935) 
10     nurse practitioners/ (16770) 
11     primary care nursing/ (392) 
12     family nursing/ (1349) 
13     community mental health services/ (17905) 
14     ((family or community or primary or ambulatory or triage) adj2 (medic* or doctor* or 
physician* or health* or nurs*)).ti,ab,kf. (68438) 
15     Ambulatory Care/ (40524) 
16     (ambulatory adj2 care).ti,ab,kf. (11413) 
17     Health Services, Indigenous/ (2817) 
18     Cultural Competency/ (4632) 
19     Culturally Competent Care/ (830) 
20     Medicine, Traditional/ (10299) 
21     (trauma adj inform*).ti,ab,kf. (617) 
22     (aborigin* or indigenous or native).ti,ab,kf. (225451) 
23     ((after or out) adj2 hour*).ti,ab,kf. (137459) 
24     or/1-23 (917850) 
25     exp Emergency Service, Hospital/ (67418) 
26     Emergency Medical Services/ (39232) 
27     emergency treatment/ (10025) 
28     Trauma centers/ (9210) 
29     Triage/ (10240) 
30     ((emergency or emergent or urgent) adj2 (care or healthcare or department* or unit or 
units or room* or treatment* or ward or service)).ti,ab,kf. (121497) 
31     ("accident and emergency" or "accident & emergency" or ED or EDs or ER or 
A&E).ti,ab,kf. (162648) 
32     (triage adj2 (centre or centres or center or centers or department? or unit or 
units)).ti,ab,kf. (538) 
33     (emergency adj2 (care or healthcare or department? or unit or units or room? or 
treatment? or care or visit? or utilization or admit or admission?)).ti,ab,kf. (112731) 
34     ("accident and emergency" or "accident & emergency" or emergency service?).ti,ab,kf. 
(10865) 
35     (trauma adj2 (centre or centres or center or centers or department? or unit or 
units)).ti,ab,kf. (15573) 
36     (triage adj2 (centre or centres or center or centers or department? or unit or 
units)).ti,ab,kf. (538) 
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37     (emergency adj2 (visit? or care or admit or admission?)).ti,ab,kf. (26760) 
38     (urgent adj2 (care or healthcare or health care)).ti,ab,kf. (2099) 
39     ((semiurgent or semi-urgent or nonemergen$ or non-emergen$) adj2 (treatment? or 
care or visit?)).ti,ab,kf. (289) 
40     ((emergency or non-emergency or nonemergency or urgent or non-urgent or 
nonurgent or semi-urgent or semiurgent) adj2 patient?).ti,ab,kf. (11636) 
41     or/25-40 (367776) 
42     organizational efficiency/ (20744) 
43     workflow/ (3295) 
44     Waiting lists/ (10724) 
45     ((wait or waiting) adj2 (time or times or list or lists)).ti. (3351) 
46     ((wait or waiting or throughput or service or treatment) adj2 (time or times or list or 
lists) adj10 (reduce? or reduction or eliminat$ or lower or fewer or intervention or policy or 
policies or reform$ or effectiveness or impact or improv$ or organi?ational$ or quality or 
save or saving)).ab. (3119) 
47     ((decrease or reduce or streamline or less or minimize or shorten or eliminate or cut or 
enhance or facilitate or speed or better or accelerate or optimize or reform or delay or 
change or faster or impact$ or assess$ or eliminat$ or improv$ or lower$ or reduc$) adj3 
patient? wait$).ti,ab,kf. (303) 
48     CROWDING/ (2930) 
49     crowd$.ti,ab,kf. (16513) 
50     congest$.ti,ab,kf. (61747) 
51     overcrowd$.ti,ab,kf. (3425) 
52     gridlock$.ti,ab,kf. (180) 
53     queue$.ti,ab,kf. (1011) 
54     overload$.ti,ab. (39413) 
55     "access block$".ti,ab,kf. (166) 
56     (throughput or through-put).ti,ab,kf. (87262) 
57     warehous$.ti,ab,kf. (2303) 
58     ("left without being seen" or "leave$ without being seen" or lwbs).ti,ab,kf. (284) 
59     (patient adj2 elop$).ti,ab,kf. (16) 
60     (ambulance$ adj2 diver$).ti,ab,kf. (194) 
61     (ambulance$ adj2 redirect$).ti,ab,kf. (3) 
62     "fast track$".ti,ab,kf. (3500) 
63     delay$.ti,ab,kf. (428757) 
64     ("patient flow$" or "flow of patient$").ti,ab,kf. (4939) 
65     defer$.ti,ab,kf. (23198) 
66     (over* adj3 (capacit$ or occupanc$)).ti,ab,kf. (4603) 
67     (lama or (leave$ adj4 ("medical advice" or treatment$)) or (left adj4 ("medical advice" 
or treatment$))).ti,ab,kf. (8393) 
68     ((hallway or corridor) adj2 (care or medicine)).ti,ab,kf. (6) 
69     or/42-68 (776721) 
70     24 and 41 and 69 (3799) 
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Appendix Table 3: Grey literature sources 

 

Grey literature sources 

BMJ Open Quality (https://bmjopenquality.bmj.com) and a Google Custom Search of the 

following websites: 

Canadian Foundation for Healthcare Improvement (www.cfhi-fcass.ca), Institute for 

Healthcare Improvement (www.ihi.org), Agency for Healthcare Research and Quality 

(www.ahrq.gov), NHS Improvement (https://improvement.nhs.uk), International Society for 

Quality in Health Care (www.isqua.org), Health Quality Ontario (www.hqontario.ca), 

Saskatchewan Health Quality Council (https://hqc.sk.ca), Health Quality Council of Alberta 

(www.hqca.ca), BC Patient Safety & Quality Council (https://bcpsqc.ca), Australian 

Commission on Safety and Quality in Health Care (www.safetyandquality.gov.au), and Health 

Quality & Safety Commission New Zealand (www.hqsc.govt.nz). 
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Appendix Table 4: Quality assessment scores of included studies 

Study ID 1.

1 

1.

2 

1.

3 

2.

1 

2.

2 

2.

3 

2.

4 

2.

5 

2.

6 

2.

7 

2.

8 

2.

9 

3.

1 

3.

2 

3.

3 

3.

4 

3.

5 

3.

6 

4.

1 

4.

2 

4.

3 

4.

4 

4.

5 

4.

6 

5.

1 

5.

2 

Celona, 
2018 

2+ 2+ - - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ + - - - 

Cheung, 
2002 

2+ 2+ N

R 

- 2+ - N

R 

2+ N

R 

N

R 

- - 2+ + 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ + - - - 

Day, 
2013 

2+ 2+ - - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

2+ + 2+ - - 

Edwards, 
2011 

2+ 2+ 2+ - 2+ - - + 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

2+ + - - - 

Gardner, 
2018 

+ 2+ + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

2+ + 2+ - + 

Hayden, 
2014 

+ + + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ + N

R 

N

R 

2+ 2+ + - + 

Lee, 2016 2+ + 2+ 2+ 2+ 2+ + 2+ 2+ N
R 

2+ 2+ + + 2+ 2+ 2+ 2+ + N
R 

2+ 2+ 2+ 2+ + + 

Lindley 
Jones, 
2000 

2+ 2+ 2+ 2+ 2+ + N

R 

2+ 2+ N

R 

2+ + 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ + 2+ + 2+ 

Love, 
2012 

2+ + + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ + - - + 

Mackenzi
e, 2015 

2+ 2+ 2+ - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

N

R 

2+ + + - 2+ 

Parris, 
1997 

2+ 2+ - - 2+ - - 2+ 2+ N

R 

- 2+ + 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ + 2+ - - 

Pierce, 
2016 

2+ + - - 2+ N

R 

- 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ N

R 

N

R 

- - 

Rogers, 
2004 

2+ + N

R 

- 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ - - - + 

Shrimplin
g, 2002 

2+ 2+ + - 2+ - - 2+ 2+ N

R 

- 2+ + 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ N

R 

- - + 

Thurston, 
1996 

2+ + 2+ + 2+ N

R 

N

R 

+ 2+ N

R 

+ 2+ + + 2+ 2+ 2+ 2+ N

R 

N

R 

2+ 2+ + 2+ + + 
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Tsai, 

2012 

2+ + + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

2+ 2+ 2+ - + 

Tucker, 
2015 

2+ + + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ N

R 

- - + 

Uthman, 
2018 

2+ 2+ + - 2+ N

R 

N

R 

2+ 2+ N

R 

+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

2+ 2+ 2+ - + 

van den 

Bersselaa
r, 2018 

2+ 2+ + - 2+ - N

R 

2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ + - - + 

van Gils-
van 
Rooij, 

2018 

+ 2+ 2+ - 2+ - N

R 

2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ + N

R 

N

R 

+ 2+ + - + 

Zager, 
2018 

2+ 2+ + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

N

R 

N

R 

+ N

R 

+ - + 

Kool, 
2008 

2+ + - - 2+ - - 2+ 2+ N

R 

- 2+ + - 2+ 2+ 2+ 2+ + N

R 

N

R 

2+ 2+ + - - 

Al Abri, 

2020 

2+ 2+ + - 2+ - - 2+ N

R 

N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ + N

R 

N

R 

- 2+ 2+ + + 

Ho, 2018 2+ 2+ + + 2+ N

R 

- 2+ 2+ N

R 

2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ - + 

Li, 2018 + 2+ + - 2+ - - 2+ N

R 

N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

N

R 

- 2+ + - + 

Hackman, 
2015 

+ + + - 2+ - - 2+ N

R 

N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

N

R 

2+ 2+ 2+ - + 

Klassen, 
1993 

2+ 2+ + 2+ 2+ + + 2+ N

R 

N

R 

2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

- 2+ + - + 

Al Khadi, 
2017 

+ + + - 2+ - - 2+ N

R 

N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

N

R 

- 2+ + - + 

Ashurst, 
2014 

+ 2+ + - 2+ - - 2+ N
R 

N
R 

- 2+ + 2+ 2+ 2+ 2+ 2+ - 2+ 2+ - 2+ + - + 

Fan, 2006 + 2+ + 2+ 2+ + + 2+ 2+ N

R 

2+ + + + 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ + + 

Sikkenga, 
2016 

+ + + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

N

R 

N

R 

2+ 2+ - + 

Lee, 1996 + + + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

N

R 

- 2+ 2+ - + 
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Dixon, 

2014 

+ 2+ + 2+ 2+ + - 2+ 2+ N

R 

2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ - 2+ N

R 

2+ 2+ - + 

Lee, 2014 + 2+ + + 2+ N

R 

+ 2+ 2+ N

R 

2+ 2+ + 2+ 2+ 2+ 2+ 2+ 2+ N

R 

2+ + 2+ + + + 

Adam, 
2014 

+ 2+ + + 2+ 2+ + 2+ 2+ N

R 

2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ N

R 

2+ + 2+ 2+ + + 

Fontanel, 
2011 

+ 2+ + - 2+ - - 2+ 2+ N

R 

- N

R 

2+ 2+ 2+ 2+ 2+ 2+ + N

R 

N

R 

N

R 

N

R 

2+ - + 

Gaucher, 
2010 

+ 2+ + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

2+ 2+ 2+ 2+ - + 

Demarco, 
2010 

+ 2+ + - 2+ - - 2+ 2+ N

R 

- 2+ 2+ 2+ 2+ 2+ 2+ 2+ - N

R 

N

R 

- 2+ + - + 
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Appendix Figure 1: Effectiveness of PHCP interventions on time to provide initial assessment (in 

minutes) sub-grouped by interventions. 

 

The horizontal black lines represent 95% confidence intervals and the red dots in the middle represents point 

estimates (mean difference). 
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Appendix Figure 2: Effectiveness of PHCP interventions on achieving benchmark time to 

provider initial assessment  

 

The horizontal black lines represent 95% confidence intervals and the red dots in the middle represents point 

estimates (mean difference). 
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Appendix Figure 3: Effectiveness of PHCP interventions on ED LOS (in minutes) sub-grouped by 

interventions. 

 

The horizontal black lines represent 95% confidence intervals and the red dots in the middle represents point 

estimates (mean difference). 
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