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Abstract

Delay in the transfer of critically ill patients admitted to the emergency department to the intensive care unit (ICU) leads to worsening
of their clinical outcomes. The long time from the beginning of the primary organ disorder to the appropriate interventions in critically
ill patients has a direct impact on the survival rate of these patients because critically ill patients often need time-sensitive therapeutic
interventions to reduce mortality. Shortening the admission time of critically ill patients who need to be hospitalized in ICU can be
significantly decreased mortality in the patients. Different interventions can be done in this field. One of the most cost-effective

measures to reduce the mortality of these patients is to preserve the golden and precious time to start the care and treatment process.
Evidence-based and need-based training is always effective and beneficial. This letter highlights the crucial role of RCCN in emergency
and critical care settings and emphasizes the need for a comprehensive training program to equip them with the necessary skills. By
investing in the development of RCCN, we can enhance patient outcomes, reduce complications, optimize resource utilization, and

ultimately save lives.
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Dear Editor,

Delay in the transfer of critically ill patients
admitted to the emergency department to the
intensive care unit (ICU) leads to worsening of
their clinical outcomes!. The long time from the
beginning of the primary organ disorder to the
appropriate interventions in critically ill patients
has a direct impact on the survival rate of these
patients because critically ill patients often need
time-sensitive therapeutic interventions to reduce
mortality 2. The results of recent studies show that
early admission of patients who need to be
hospitalized in ICU has been associated with a

decrease in the mortality of these patients . The
management of these conditions often requires
urgent treatment and care, which leads to
hospitalization in ICU, which, due to the limited
access to intensive care beds, causes delays in the
treatment of critically ill patients and increases the
mortality rate 4 In this situation, respiratory
critical care nurse (RCCN) training can be a
revolutionary step in facilitating the early
treatment of critically ill patients who are delayed
in admission to ICU. With the establishment of
RCCN, the healthcare system can ensure that
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critical patients receive timely and appropriate
interventions to stabilize their condition and
prevent its deterioration. This emergency and
critical care is a very important in the resuscitation
of unstable patients and provides the necessary
time for recovery and optimization of the effect of
these treatments to improve outcomes and prevent
mortality °. In other words, until access to an
intensive care bed, RCCN will provide intensive
care to patients who need to be hospitalized in
ICU, which can partially compensate for the lack
of intensive care beds by simulating the
environment of the ICU. Its consequence is to
preserve the golden and precious time of treatment
and care in acute conditions.

The search strategy intended to explore all
available published studies from inception to
January 28, 2024 and was employed in Scopus,
PubMed, Web of Science, EMBASE, and Mag
Iran databases. Moreover, reference lists of all
identified reports and articles were scrutinized.
The inclusion criteria were adults (>18 years) and
patients who need to be hospitalized in ICU. The
investigated outcome included mortality in ICU
and, if not reported, the mortality of the patient in

Table 1: GRADE assessment for all included studies.

Certainty assessment

Ne of studies Study design Risk of bias

non-randomized studies not serious 2 not serious b

not serious

the hospital. The shortest time between admission
to the emergency department and hospitalization
in ICU was considered as the exposed group and
the longest time between admission to the
emergency department and hospitalization in ICU
was considered as the control group. The quality
of evidence for each study was assessed using the
Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE)
framework. The meta-analysis was performed
using STATA version 17 (Stata Corp; College
Station; TX, USA).

A total of 1678 articles were retrieved from
various electronic databases. After removing
duplicates, 56 unique titles were identified.
Among these, 26 titles met the inclusion criteria
and were included in the analysis. The quality of
evidence for the included studies was assessed as
high according to GRADE (Table 1).

The meta-analysis results indicated that early ICU
admission compared to delayed ICU admission
was associated with decreased hospital mortality
(OR: 0.55, 95%CI: 0.45-0.66, P<0.001), although
significant heterogeneity was observed among the
studies (I2: 86.52%, P<0.001) (Figure 1).

Certainty Importance
Other considerations

@@@@ High CRITICAL

not serious ¢ None ¢

Explanations

a, b. Some bias may have been introduced through the data collection or risk of bias assessment processes. The synthesis is likely to produce biased results, because (i) potential biases
were ignored (within and/or across studies), (i) important between-study variation was not accounted for; (iii) there were important inadequacies in the methodology; or (iv) findings are

incompletely reported in a way that raises concerns.

c. Findings are incompletely reported in a way that raises concerns. In some studies, there is insufficient information reported to make a judgement on risk of bias.
d. Assessing applying any restrictions based on date, publication format, or language appropriate. The synthesis should generally seek to include all studies known to have collected data
relevant to the question being addressed. Results from individual studies may be missing from the synthesis because the study is unknown to the reviewers. Assessing the robustness of finding

through funnel plot, sensitivity analyses, sub-group analysis, and sub-categorization.
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Respiratory Critical Care Nurse Training Program

Treatment Control Odds ratio VWeight
Study Yes Mo Yes Mo with 85% CI (%)
Rapoport et al, 1990 148 550 141 163 = B 031[ 023 041] 523
Sprung et al, 1599 41 2449 1 20 —— 030[ 013, 067] 287
Parkhe et al, 2002 90 8 15— 019[ 0.06, 0.56] 199
Young et al, 2003 3 23 33— 019[ 0.06, 0.60] 1.83
Chiavone et al, 2005 B 17 38 33 —— 031[ 011, 0.87] 213
Tilluckdharry et al, 2005 28 N 28 Fili] —— 024[0.14, 0.44] 382
Garrouste Orgeas et al, 2005 113 269 T 23 L 138 0.58 331 283
Simpson et al, 2005 2930 6459 1268 1611 [ | 053[ 053 063] 588
Chalfin et al, 2007 6,358 42928 180 856 B 0.70[ 0.60, 0.83] 570
Maval et al, 2009 17 60 1 37 ——— 095[ 040, 2.26] 2867
Restrepo et al, 2010 33 109 ] 10 —— 034[ 013 080] 230
Phua et al, 2010 1 44 25 24 —— 024[ 010, 0.57] 266
Cardoso et al, 2011 47 78 138 138 060[ 039, 0.83] 455
Intas et al, 2012 28 32 88 52 I 052[0.28 0095 388
Landoni et al, 2012 B 9 9 [ = 044[ 010, 1.82] 132
Louriz et al, 2012 37 73 64 a2 —— 065[ 039, 1.08] 415
Ocallaghan e al, 2012 353 1107 40 109 - 087[ 059 1.27] 480
Renaud et al, 2012 26 173 28 116 —— 062[ 035 1.12] 381
Robert et al, 2012 aoa 823 64 127 - 074[ 054, 1.03] 506
Bing-Hua et al, 2014 140 1,854 16 169 —+l— 076[ 044, 1.30] 40
Molina et al, 2014 108 381 73 135 - 053[ 037, 075] 482
Khan et al, 2016 34 130 4 N7 —— 070[ 042 116] 415
Maser et al, 2016 22 150 16 108 1 099050 1.87] 333
Augustin et al, 2017 3 106 7 N3 r 089[ 052 154] 399
Sabaz et al, 2020 68 413 300 516 = B 028[021, 038 521
Lin et al, 2021 1,144 7434 690 4366 | 0597[ 088 108 585
Bosco et al, 2023 5 30 5 18 060[ 0.15, 2.36] 145
Overall I 055 0.45, 0.66]
Heterogeneity: T = 0.16, 1" = 86.52%, H = 7.42
Test of 6, = 6, Q{26) = 170.20, p = 0.001
Testof6=0:z=-56.20, p=0.001

1.f|16 1}3 1}4 1} 1 ;IE

Random-efiects REML model

Figure 1: Forest plot showing the effect (odds ratio) of early ICU admission compared to delayed ICU admission on mortality.

Meta-regression analysis suggested that the year
of publication contributed significantly to the
observed heterogeneity (Supplementary file, Table
S1), which was further supported by cumulative
analysis  (Supplementary file, Figure S1).
Subgroup analyses based on publication year and
sample size also identified these variables as

sources of heterogeneity (Supplementary file,
Figures S2-S3). The sensitivity analysis
demonstrated that no single study had a
disproportionate influence on the pooled effect
sizes (OR) for the hospital mortality rate
(Supplementary file, Figure S4). The Galbraith
plot, used to assess heterogeneity, showed no
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significant heterogeneity among the 26 included
studies (Supplementary file, Figure S5). Funnel
plot symmetry indicated no evidence of
publication bias in the studies (Supplementary file,
Figure S6A). This finding was supported by
Egger's linear regression test (P=0.121) and Begg's
rank test (P=0.587). The trim-and-fill method,
employed to evaluate publication bias,
demonstrated that the OR for the mortality rate
remained unchanged, suggesting that publication
bias did not impact the results (Supplementary
file, Figure S6B).

Shortening the admission time of critically ill
patients who need to be hospitalized in ICU can be
significantly decreased mortality in the patients.
Different interventions can be done in this field.
One of the most cost-effective measures to reduce
the mortality of these patients is to preserve the
golden and precious time to start the care and
treatment process. Evidence-based and need-based
training is always effective and beneficial ®. This
letter highlights the crucial role of RCCN in
emergency and critical care settings and
emphasizes the need for a comprehensive training
program to equip them with the necessary skills.
By investing in the development of RCCN, we can
enhance patient outcomes, reduce complications,
optimize resource utilization, and ultimately save
lives.
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Table S1: Univariate and multivariate meta-regression results

Univariate Meta-regression Results

Meta-regression Results

Hospital mortality

B (95% ClI) P-value B (95% CI) P-value
Sample size 8.70 (-7.34 t0 0.0000247) 0.288 9.63 (-4.42 to 0.0000237) 0.179
Year of publication 0.0302 (0.00628 to 0.05422) | 0.013* | 0.0310 (0.00751 to 0.05457) 0.010*

* P<0.05 considered as significant




Odds ratio

Study with 95% ClI p-value year
Rapoport et al, 1930 0.31[0.23, 0.41] <0.0001 1930
Sprung et al, 1999 0.31[0.23, 0.40] =0.0001 19399
Parkhe et al, 2002 S 0.30[0.23, 0.39] <0.0001 2002
Young et al, 2003 — 0.29[0.22, 0.38] =0.0001 2003
Chiavone et al, 2005 —_— 0.29[0.23, 0.37] =0.0001 2005
Tilluckdharry et al, 2005 —_—— 0.28[0.23, 0.36] <0.0001 2005
Garrouste Orgeas et al, 2005 - 0.32[0.21, 0.51] =<0.0001 2005
Simpson et al, 2005 0.36[0.24, 0.55] <0.0001 2005
Chalfin et al, 2007 . 0.40[0.27, 0.60] =0.0001 2007
MNaval et al, 2009 » 0.43[0.29, 0.64] <0.0001 2009
Restrepo et al, 2010 - 0.43[0.30, 0.61] =0.0001 2010
Phua et al, 2010 . 0.41[0.29, 0.58] <0.0001 2010
Cardoso et al, 2011 . 0.43[0.31, 0.58] =0.0001 2011
Intas et al, 2012 . - 0.44[0.33, 0.58] <0.0001 2012
Landoni et al, 2012 » 0.44[0.33, 0.58] =0.0001 2012
Louriz et al, 2012 . - 0.45[0.35, 0.59] =0.0001 2012
Ocallaghan e al, 2012 ——— 048[0.37. 0.61] «0.0001 2012
Renaud et al, 2012 ~———=#—— 049[0.38, 0.62] «0.0001 2012
Robert et al, 2012 ——— (0.50[0.40, 0.63] <0.0001 2012
Bing-Hua et al, 2014 ——=&—— 052[042, 0.64] «0.0001 2014
Molina et al, 2014 . - 0.52[0.42, 0.63] <0.0001 2014
Khan et al, 2016 ——— (053[0.44, 0.64] «0.0001 2016
MNaser et al, 2016 . 0.54[0.45, 0.65] <0.0001 2016
Augustin et al, 2017 ———(0.55[0.46, 0.66] =0.0001 2017
Sabaz et al, 2020 ~——e—— 053[0.44, 0.64] «0.0001 2020
Lin et al, 2021 ————0.55[0.45, 0.66] <0.0001 2021
Bosco et al, 2023 —=——055[0.45, 0.66] =0.0001 2023

Random-effects REML model

1/4

T
1/2

Figure S1: Cumulative analysis based on the year publication among included studies



Treatment Control Odds ratio WWeight
Study fes MNao Yes Mo with B5% Cl| (%)
2012 and less
Rapoport et al. 1280 144 550 141 163 -.— 0.31[023 0.41] 523
Sprung =t al. 1989 41 240 11 20 : | 0.30[ 013, 0.6T] 287
Parkhe et al, 2002 ] a0 g 15 —B—— 0.12[0.08, 0.59]) 1.98
‘Young et al, 2003 4 e d| 23 33— 0.18[0.08, 0.60] 1.83
Chizvone et al, 2005 g 17 iz 33 . B 0.31[ 011, 0.87] 213
Tilluckdharry et al, 2005 28 31 28 TG —— 0.24[0.14, 0.44] 282
Garrouste Orgeas et al, 2005 113 288 7 23 L] 1.38[ 0568, 3.31] 283
Simpson et al, 2005 2830 G458 1,268 186N . 0.58[0.53, 0.63) 588
Chalfin et al, 2007 G358 42928 180 256 . 0.70[ 080, 0.83] 570
Maval et al, 2008 17 G0 11 ar —— 88— 0.85[040 2.28] 2z&7
Restrepo et al, 2010 33 108 el 10 e 0.34[0.13, 0.80] 230
FPhua et al, 2010 11 44 25 24 —a— 0.24[ 010, 0.57] Z2E8
Cardoso et al, 2011 47 a8 138 138 0.60]0.38, 0.83] 455
Heterogeneity: T =0.21, |’ =87.30%, H =7.88 :7 0.42[0.31, 0.58]
Test of & =8 Q(12) = 52.84, p < 0.001
2013 and more
Intas et al, 2012 28 3z 28 52 —B— 0.52[0.28 085 32468
Landoni et al, 2012 g 2 o] ] = 0.44[0.10, 1.82] 1.32
Lowriz et al, 2012 a7 73 G4 a2 —-+ 0.85[0.38, 1.08] 415
Ccallaghan e al, 2012 353 1,107 40 108 - 0.87[0.58, 1.27] 450
Renawd et al, 2012 26 173 28 116G — 0.82[0.35, 1.12] 381
Robert et al, 2012 308 23 G4 127 . 0.74[0.54, 1.03] 5.08
Bing-Hua et al, 2014 140 1,854 15 168 —- O.7E[ 044, 1.30] 4
Molina et al, 2014 108 231 73 135 —.— 0.53[0.37, 0.75] 482
Khan et al, 2015 34 130 44 17 N BE 0.70[0.42, 1.19] 415
Maser et al, 2018 22 150 15 108 B 082050 187 233
Augustin et al, 2017 31 106 T 1132 ] 0.82[052 154 298
Sabaz et al. 2020 it 413 200 518 . 0.28[0.21, 0.38] 521
Lin &t al, 2021 1,144 7434 500 43286 0.87[0.88 1.08] 5285
Sosco et al, 2022 5 20 g 18 ﬁ— 0.60[0.15, 2.39]) 145
Heterogeneity: T =010, |’ = 74.22%, H =388 0.66 [ 0.53, 0.83]
Test of @ =8: Q(13) = 72.02, p < 0.001
Owerall & 0.55[0.45, 0.64]

Heterogeneity: T =0.18, |’ =86.652%, H =7.42
Test of 8, = 8- Q[28) = 170.20, p = 0.001

Test of group differences: Q,(1) = 5.03, p = 0.02

Random-effects REML model

116 12 14 112

1

ra

Figure S2: Subgroup analysis based on the year publication



Treatment Controd Cdids ratio Weight
Study Yes No Yes Mo with 85% Ci (%)

Less than 100 patients

Yowng et al, 2003 a a1 23 n—— . 0.19[0.08, 0B0] 1.63
Chizvane of 3. 2005 € 17 38 as —_— 0.31]0.11, 087] 213
Landoni ot 3, 2012 £ 3 g B - 02470.10, 192] 132
Basco ot al, 2023 B ac 5 16 — 1 060[0.15.236] 145
Heterogeneity- T = 0.00, I° = 0.00%, H° = 1.00 e 0.33[0.18. D.60]
Testof8, =2, Q{3) = 1.85, p= 050

Betwesen 101 - 300 patisnts

Parkhe st al, 2002 3 a0 8 5 ——— 012§ 0.08. 0.58] 1.99
Nisval et i, 2009 17 ) 1 a7 ——M—— 095[0.40, 226] 267
Restrepo =t al, 2010 a3z 108 a 10 e, 034[0.13, 090] 230
Phua et af, 2010 1 a4 25 24 —— 02470.10, 057] 266
Intees ot al, 2012 28 a2 88 52 0.52[0.28 095] 368
Louriz ot & 2012 a7 73 B4 82 i 065[0.39. 108] 4.15
Na=er ot al, 2018 2 150 12 108 R 0997050, 197] 333
Augustin et al, 2017 31 108 37 13 j—— 082052 154] 380
Heterogeneity- T =0.17. ' = 55.46%, H =2.30 =3 0.56 [ 0.38, 0.82]
Testof8: =5, Q(7)= 1543, p=0.03

Between 301-700 patients

Sprung ef o 1989 a1 248 1" 20 —8—1 0.3070.13, D&7] 287
Tiluckdbary et al 2005 28 an 28 76 — . 024[0.14, 0.84] 382
Garrouste Orgens of al, 2005 113 289 7 23 - 138[ 058 331] 263
Cardaso et 3, 2011 a7 78 138 13a 0.60[0.33. 093] 455
Renaud et al, 2012 26 173 28 16 — - 062]0.35 1.12] 381
Maolina ot of, 2014 103 aat 73 135 0.53[0.37, 075] 482
Khan ot . 2016 a4 130 4@ M7 - 070[0.42 1.16] 4.15
Heterogeneity- 7 = 0.13. 1" =63.91%, H =277 0.5370.38, D.76]

Test 0f 8. = S- Q{B) = 15.08, p = 0.02

Between 200-1700 patients

Rapoport ol of, 1950 146 550 141 163 = 0.31(0.23, ©41] 523
Ocalaghan = al, 2012 asa 1107 43 109 - 087[0.58, 127] 4.80
Rebert ef al, 2012 3ca 823 B4 127 -, 0747054, 103] 506
Sabar of of. 2020 €8 413 300 518 - 028§0.21, 0.38] 521
Heterogeneity- v = 0.31, I° =92.12%, H' = 12.89 e 0.48[0.27, 0.85)

Test of 8, = 8- Q(3) = 33.61, p <0.001

1500 and morzs patients

Simp=an et al, 2005 2930 6459 1268 1,61t r 0587053 083 568
Chalfin et =i, 2007 8.358 42528 180 858 m 0.70(0.60, 0.83] 570
Bing-Hus et al, 2014 140 1954 16 189 — - 0.768[0.44, 1.30] 4.01
Lin ot o, 2021 1,144 7232 690 4,366 B 0.97[0.68, 108] 5865
Heterogeneity- T =0.05, I’ =82.13%,. H = 12.70 $ 0.74[0.57, 0.35]
Testof 8: = 5,2 Q{3) = 58.97, p < 0.001

Overall Q 0.55] 0.45. 0.66]
Heterogensity: +* = 0.16, 1 = 88.52%, H' = 7.42

Test of 8, = G Q(26) = 170.20, p < 0.001

Test of group differences: O (4) = 7.38, p = 0.12

196 18 14 12 1 2
Random-effects REML moda

Figure S3: Subgroup analysis based on the sample size



Cdds ratio

Omitted study with 95% CI p-value
Rapoport et al, 1990 . 0.57 [ 0.47. 0.69] <0.0001
Sprung et al, 1999 . 0.56 [ 0.46, 0.68] <0.0001
Farkhe et al, 2002 * 0D56[0.47, 0.68] =0.0001
Young et al, 2003 . 0.56 [ 0.46, 0.68] <0.0001
Chiavone et al, 2005 * Dao6[0.46, 0.67] =0.0001
Tilluckdharry et al, 2005 . 0.57[0.47, 068] =0.0001
Garrouste Orgeas et al, 2005 - 0.54[0.44, 0.65] =0.0001
Simpson et al, 2005 - 0.55[0.45, 0.67] =<0.0001
Chalfin et al, 2007 » 0.54[0.44, 0.66] =0.0001
Maval et al, 2009 * 0.54[0.44, 0.66] =0.0001
Restrepo et al, 2010 - 0.55[0.46, 0.67] =0.0001
Phua et al, 2010 * - 0.56[0.47, 0.68] =0.0001
Cardoso et al, 2011 0.54[0.45, 0.66] =0.0001
Intas et al, 2012 1 0.55[0.45, 0.67] =0.0001
Landoni et al, 2012 0.55[0.45, 0.67] =0.0001
Louriz et al, 2012 * 054 [0.45, 0.66] =0.0001
Ccallaghan e al, 2012 * 054 [0.44, 0.65] =0.0001
Renaud et al, 2012 - 054 [0.45, 0.66] =0.0001
Robert et al, 2012 . 054 [0.44, 0.66] =0.0001
Bing-Hua et al, 2014 . 0.54[0.44, 066] =0.0001
Molina et al, 2014 0.55[0.45 067] =0.0001
Khan et al, 2016 . 0.54[0.44, 0.656] <0.0001
Maser et al, 2016 - 0.54[0.44, 0.65] =0.0001
Augustin et al, 2017 * 0.54[0.44, 0.65] =0.0001
Sabaz et al, 2020 . 0.57[0.48, 0.69] =0.0001
Linetal, 2021 & 0.53[0.44, 0.64] =0.0001
Bosco et al, 2023 0.55[0.45, 0.66] =0.0001

Random-effects REML model

0.44

0.69

Figure S4: : Sensitivity analysis among included studies
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Figure S5: Galbraith plots to examine heterogeneity among included studies



Funnel plot

® Simmpson et al,@PRHet al, 2021

® WiRa @oan 1990
pad it D‘ Al

® Chalfin et al, 2007

PR 1, 2012
o~ 1 GPJ?. ?ﬁ A%
® ® (ardoso et al, @ﬁhan 2O
A ]
g ® Tilluckdharry et al, ZOBﬁnte‘!Jﬁﬂéim Wi&at@m 7
- ® Nasor et al, 2016
v
o L J t al, 1999
“-‘: ® Phua Q?EI,“B&% LB ® Naval et ah @RARADuste Orgeas et al, 2
& SR ¢
vone @l
® Parkhe et al, 2003
5=} ® Young et al, 2003
® Bosco et al, 2023
® Landoni et'al, 2012
x
T T T T
-2 -1 (0] 1
Log odds-ratio
Pseudo 95% CI ® Studies
Estimated O
Funnel plot
o
b .
@
®oe®
o~ < o ® e
b L X J
2 e ¢ = &
@
hicd ™
o
g o = ® ®
5 -
=
< L= @
© @ P
@
L
<«
Ll |l T I
-2 -1 (0] 1

Log odds-ratio

Pseudo 95% CI
Estimated Oremi

® Observed studies
@ |mputed studies

Figure S6: Publication bias assessment based on (A) funnel plot and (B) trim-and-fill method among

included studies




