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Effect of rapid response systems
on hospital mortality: a systematic review

and meta-analysis

Audrey De Jong'", Boris Jung'?!, Aurelien Daurat', Gerald Chanques'?, Martin Mahul', Marion Monnin',

Nicolas Molinari® and Samir Jaber"**

Dear Editor,

This article reports a meta-analysis and systematic review
of studies of rapid response system (RRS) compared to no
RRS including the recent study by Jung et al. [1].

We made a quantitative synthesis selecting the follow-
ing study designs: randomized controlled trials, prospec-
tive observational studies (before and after treatment),
and retrospective observational studies [see also Elec-
tronic Supplemental Material (ESM) 1 for selection cri-
teria and data collection and analysis] [2]. The primary
endpoint of this meta-analysis was the incidence of over-
all hospital mortality. The secondary endpoint was the
incidence of unexpected mortality.

Data were extracted as they were reported in the origi-
nal paper or based on the authors’ answers to our que-
ries (see ESM for further details). Odds ratios (ORs)
were used as the summary measure for dichotomous
outcomes. Statistical heterogeneity was quantified by the
Q-Cochrane heterogeneity test [Q statistic with degree of
freedom (df)] and the I* statistic [3]. In case of heteroge-
neity, a random effect model was performed. Predefined
subgroups analysis and exclusion of outlying studies were
performed to reduce heterogeneity for the primary out-
come [4, 5]. To assess the effect of potential confound-
ing factors we performed a meta-regression (see also
ESM). A funnel plot (plot of treatment effect against
trial precision) was created to determine the presence of
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publication bias, true heterogeneity, data irregularities,
and choice of effect measure in the meta-analysis.

The updated literature search provided a total of 32
studies and 10,563,083 patients (see ESM Fig. S1). Of
those, nine studies (1,045,364 patients) provided data on
unexpected mortality and 32 studies (9,517,719 patients)
reported overall mortality rate. The meta-regression did
not reveal any significant effect of potential confounding
factors (see ESM) for overall hospital mortality.

RRSs were associated with a significant decrease in
both overall hospital mortality [OR 0.89; 95 % CI 0.85—
0.93)] (Fig. 1a) and unexpected mortality [OR 0.51; 95 %
CI(0.35-0.76)] (Fig. 1b). Funnel plots did not reveal pub-
lication bias for overall mortality or unexpected mortality
(see ESM Figs. S2 and S3). Subgroups analysis performed
according to the multiple center or single center design
(Fig. S4), the prospective or retrospective design (Fig. S5),
and the location of the studies (Fig. S6) showed consist-
ent results, with a significant decrease of overall hospi-
tal mortality. After exclusion of outlying studies (Fig. S7),
heterogeneity became low and a fixed model could be
applied, showing identical results with a decreased inci-
dence of overall hospital mortality [OR 0.92; 95 % CI
(0.90-0.94)].

In this updated systematic review and meta-analysis,
medical emergency team (MET) implementation was
associated with a significant decrease in overall and
unexpected mortality of hospitalized patients. One limi-
tation was the large amount of statistical heterogeneity.
Nevertheless, we considered that to combine data using
a random effect meta-analysis would allow a more useful
result than to include a small number of homogeneous
studies as presented in Fig. S7 [5]. Moreover, subgroups
analysis and exclusion of outlying studies allowing



a Odds Ratio Odds Ratio
Study or Subgroup M-H, Random, 95% CI M-H, Random, 95% CI
Bristow et al (first hospitalization), 2000 0.94[0.79, 1.12] -1
Bristow et al (second hospitalization), 2000 1.20 [1.03, 1.41]

Buist et al, 2002
Bellomo et al, 2003
Kenward et al, 2004
Priestley et al, 2004
Hillman et al, 2005
Jones et al, 2005
Dacey et al, 2007
Baxter et al, 2008
Chan et al, 2008
Campello et al, 2009
Konrad et al, 2010
Lighthall et al, 2010
Santamaria et al, 2010
Beitler et al, 2011
Laurens et al, 2011
Sarani et al (medicine), 2011
Sarani et al (surgery), 2011
Shah et al, 2011
Howell et al, 2012
Sabahi et al, 2012
Tobin et al, 2012
Al-Qahtani et al, 2013
Chen et al, 2014
Karpman et al, 2014
Kwak et al, 2014
Moriarty et al, 2014
Salvatierra et al, 2014
Segon et al, 2014
Al-Rajhi et al, 2015
Jung et al, 2015

Total (95% CI)
Total events

0.87 [0.75, 1.00]
0.74 [0.66, 0.82]
0.98[0.90, 1.07]
0.69 [0.49, 0.98]
1.05[0.93, 1.18]
1.19[1.11, 1.29]
1.08 [0.88, 1.32]
0.95[0.82, 1.09]
0.911[0.78, 1.07]
0.83[0.64, 1.07]
0.90 [0.84, 0.96]
0.85[0.65, 1.10]
0.57 [0.51, 0.63]
0.89 [0.82, 0.96]
0.76 [0.67, 0.86]
0.74 [0.68, 0.80]
0.92[0.80, 1.05]
0.89 [0.79, 1.00]
0.91[0.82, 1.02]
0.76 [0.64, 0.90]
0.90 [0.88, 0.91]
0.921[0.87, 0.98]
0.94[0.91, 0.97]
0.78[0.72, 0.84]
0.84 [0.74, 0.97]
1.07 [0.99, 1.15]
0.76 [0.72, 0.80]
0.921[0.81, 1.06]
0.99 [0.90, 1.09]
0.87 [0.78, 0.96]

0.89 [0.85, 0.93]

Heterogeneity: Tau? = 0.01; Chi? = 299.99, df = 31 (P < 0.00001); I = 90%

Test for overall effect: Z = 5.42 (P < 0.00001) 49 ol 1 5

2
Favours [RRS] Favours [no-RRS]

b Odds Ratio

Odds Ratio
Study or Subgroup M-H, Random, 95% CI M-H, Random, 95% CI
Bristow et al (first hospitalization), 2000 0.45[0.30, 0.68]
Bristow et al (second hospitalization), 2000 0.66 [0.47, 0.93] -
Hillman et al, 2005 0.97 [0.75, 1.24] -

0.57 [0.33, 0.99]
0.58 [0.46, 0.74]
0.20 [0.11, 0.34]

Lighthall et al, 2010
Santamaria et al, 2010
Howell et al, 2012

—_—
—

Al-Qahtani et al, 2013 0.66 [0.41, 1.05] -
Guirguis et al, 2013 0.22[0.18, 0.27] -
Jung et al, 2015 0.79[0.68, 0.91] -
Total (95% Cl) 0.51 [0.35, 0.76] -
Total events
it 2 — . Chiz = = - |2 = 949 t t t t + t
Heterogeneity: Tau? = 0.32; Chi? = 137.26, df = 8 (P < 0.00001); I> = 94% 01 02 05 1 ) 5 10

Test for overall effect: Z = 3.35 (P = 0.0008) Favours [RRS] Favours [no-RRS]

Fig. 1 Forests plots of a overall mortality and b unexpected hospital mortality. Study-specific odd ratios (95 % Cl) are denoted by black boxes (black
lines) for unexpected mortality. The combined odd ratios estimate for all studies is represented by a black diamond. Overall diamond width cor-
responds to 95 % Cl bounds. Heights of boxes and diamonds are inversely proportional to the precision of the odds ratio estimate. The p value for
heterogeneity of the odds ratio by study is shown (Q statistic with degree of freedom) and /* statistic



reduced heterogeneity showed similar results. The pre-
sent updated meta-analysis strongly suggests a positive
effect of RRS on overall and unexpected mortality.
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