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IN the last few years, emergency departments (EDs) in 
many countries have faced a continuous increase in both 

the absolute numbers of visits and rate of visits per unit 
population (1). As shown in several studies, persons above 
the age of 65 years are largely responsible for this trend: In 
the United States, ED visits of older persons account for 
about 18% (range 11%–23%) of all visits and increased by 
26% from 1993 to 2003 (2). This is to be expected, given 
the high prevalence in an aging population of chronic  
diseases that, with their recurrent exacerbations, make old 
persons frequent users of the ED. Similar trends have been 
reported in Italy, with the share of older persons, among 
patients requiring ED visits, increasing from 17.7% in 2000 
to 21.4% in 2008 (3,4).

Older adults use the ED for more urgent problems (5), 
require more tests and consume more resources, stay longer, 
and are more frequently admitted to the hospital (30%–50% 
vs 12%) compared with younger patients (6). They are at 
greater risk of ED revisits, hospitalization, institutionaliza-
tion, functional decline, and death after an ED access (6). In 
elderly patients, an ED visit is often a sentinel event for 
declining health status that should prompt appropriate  
assessment and care, and interventions via the emergency 
system have significant opportunities to change the clinical 
course of older patients who require these services (7).

Unfortunately, ED represents a challenging environment 
for optimal geriatric care, and time constraints and intense 
workflow limit the possibility to identify, among older 
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persons seeking care in the ED, those at high risk, to be  
referred to second-level evaluation and specialized manage-
ment. Of the few quick and easy-to-administer screening 
tests that have been proven to identify high-risk patients 
during an ED visit, the Identification of Seniors at Risk 
(ISAR) is a questionnaire developed and validated in Canada 
(8) and successfully used in Belgium (9) and Italy (10). A 
positive test (score of ≥2 in a range from 0 to 6) suggests an 
increased risk of undergoing adverse events, such as death, 
institutionalization, functional decline, repeated ED visits, 
and hospital admissions within 6 months.

More recently, the Silver Code (SC), a prognostic tool 
based solely on administrative data, was developed and val-
idated in a large nonconcurrent cohort study of patients 
aged 75+ years, admitted for medical reasons to hospitals in 
the area of Florence, Italy (11). With the SC, a score is 
assigned to age, sex, marital status, admission to a day  
hospital, admission to regular ward with corresponding  
discharge diagnosis, and polypharmacy, 3–6 months prior 
to the index ED visit. In the original study (11), 1-year mor-
tality increased linearly with the SC score: Compared with 
a score of 0–3, the risk of death was 1.5, 2.2, and 3.0 times 
greater for scores of 4–6, 7–10, and 11+, with p values 
between contiguous strata always highly significant. A score 
of 11+ identified patients whose long-term mortality rate 
was significantly lower if they were admitted to an acute 
geriatrics unit rather than to an internal medicine ward.

So far, the SC has not been compared with instruments 
describing health status at presentation to the ED, nor was 
its validity tested in patients discharged directly from the 
ED. Moreover, although the original sample was split into a 
development and a validation subsample, the external valid-
ity of the tool was unknown. Should the SC be proven valid 
in different populations, compare well with tools requiring 
direct patient contact, and be deployed in real time instead 
of being calculated retrospectively, it might provide an  
initial rapid prognostic stratification of older persons in the 
ED. Therefore, aims of the present study were as follows: 
(a) to compare the SC to the ISAR, a tool based on direct 
clinical evaluation, (b) to validate the SC in patients leaving 
the ED without being hospitalized, and (c) to test its external 
validity in a population different from that where it had 
been developed.

Methods
This is a cohort study conducted at the Geriatric Depart-

ment of the National Institute of Health and Science on  
Aging Hospital in Ancona, Italy. This Department has an 
ED dedicated to geriatric patients (12), with a short-stay 
Observation Unit where patients who cannot be discharged 
directly can be observed for up to 24–48 hours.

Participants were all residents in the Marche region, aged 
75+ years, prospectively accessing the National Institute of 
Health and Science on Aging Hospital ED between January 

and June 2009, with the exclusion of those unable to pro-
vide reliable information and consent and lacking a care-
giver. Traumatic injury was not an explicit exclusion 
criterion; however, patients with major trauma are directly 
admitted to other hospitals in the Ancona area. Patients who 
were either eventually admitted to the hospital or discharged 
directly from the ED were enrolled. In the case of repeated 
ED visits in the enrollment period, the first one was consid-
ered as the index visit. The study protocol was approved  
by the National Institute of Health and Science on Aging 
Ethics Committee.

Of 3,197 patients aged 75+ years presenting to the ED in 
the study period, 336 (11%) were excluded because of 
nighttime arrival (from 10 pm to 6 am), when there was no 
study staff to administer the ISAR; 1,067 (33%) were  
repeated ED visits; and 162 (5%) refused or were unable to 
participate because of cognitive impairment and lack of a 
caregiver. The final sample included 1,632 participants.

A validated Italian version of the ISAR (10) was admin-
istered by a skilled nurse at triage, soon after the level of 
severity had been evaluated with the usual color-coding sys-
tem. The ISAR is composed of six yes/no items that con-
cisely investigate functional status, previous hospital 
admission, presence of cognitive and visual impairments, 
and polypharmacy (use of 3+ drugs). The summary score 
(range 0–6), as well as the cutoff of ≥2, was considered for 
analysis. Staff responsible for participants’ clinical manage-
ment remained blinded to the results of the ISAR, which, 
therefore, could not influence any of the outcomes.

To obtain the SC, data were retrospectively, months after the 
index ED access, extracted from the administrative archives 
that every Italian region maintains for managing its health 
care system. Information on demographics, hospitalizations, 

Table 1.  Scores Assigned to Silver Code Variables

Variable Score

Age (y)
  75–79 0
  80–84 3
  85+ 9
Sex
  Female 0
  Male 2
Marital status
  Married 0
  Unmarried/widowed/divorced 1
Previous admission to a day hospital
  No 0
  Yes 5
Previous admission to a regular ward and discharge diagnosis
  No admission 0
  Respiratory disease 6
  Cancer 11
  Other 2
Number of drugs in the previous 3 mo
  0–8 0
  8+ 2
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drug prescriptions, and deaths were retrieved using auto-
mated data linkage procedures, based on the participant’s 
identification number or fiscal code as unique identifiers; 
linkage was 100% complete. A simple set of demographic 
and clinical characteristics, previously shown to be multi-
variable predictors of 1-year mortality (11), were assigned 
a score (Table 1), from which the SC was calculated by 
summation. Both the continuous SC score and four classes 
of increasing risk score (0–3, 4–6, 7–10, and 11+) were 
considered.

Table 2.  General Characteristics of 1,632 Admissions to the ED

M ± SEM or n (%)

Age (y) 84 ± 5.5
Female gender 990 (61)
Positive to the ISAR 1,222 (75)
SC risk class
  0–3 305 (19)
  4–6 401 (25)
  7–10 447 (27)
  11+ 479 (29)
Outcome after ED visit
  Immediate discharge 888 (54)
  Temporary admission to the Observation Unit 167 (10)
  Hospital admission 558 (34)
  Death in the ED 19 (1.2)
Outcome after Observation Unit or hospital admission
  Discharge 650 (90)*
  Death 75 (10)*
ED return visit in 6 mo 669 (44)†

Hospital admission in 6 mo 527 (34)†

Death in 6 mo 239 (16)†

Notes: ED = emergency department; ISAR = Identification of Seniors at 
Risk; SC = Silver Code.

* Proportions calculated using as a denominator the number of 725 partici-
pants admitted to either the Observation Unit (n = 167) or a hospital regular 
ward after the index ED visit.

† Proportions calculated using as a denominator the number of 1,538 par-
ticipants discharged alive either immediately after the index ED visit (n = 888) 
or after admission to the Observation Unit or a regular ward (n = 650).

Outcome measures were time spent in the ED, need for 
hospitalization at the end of the index ED access, and  
hospital mortality at baseline. Return visits to the ED and 
hospital admissions, limited to facilities of the Marche region, 
and mortality were considered in a 6-month follow-up.

Data were analyzed with the SPSS for Windows, version 
18, statistical package. Continuous variables are presented 
as mean ± standard error of the mean and categorical vari-
ables as relative frequencies. Pearson’s r test was used to 
analyze the correlation between ISAR and SC scores. The 
c2 test was used to compare relative frequencies, with linear 
trends when appropriate. One-way analysis of variance  
was used to compare means, with polynomial contrasts to 
evaluate linear trends when appropriate.

The predictive accuracy of the ISAR and the SC for  
hospital admission and hospital death in the index ED visit 
was assessed by calculating the area under the receiver-
operating characteristic (ROC) curve, where the two scores 
were entered separately as continuous variables; the curves 
were compared by taking into account the overlap of their 
95% confidence intervals. Hospital admission and hospital 
mortality were also analyzed in logistic regression models, 
where ISAR scores below and above the threshold of 2, as 
well as SC scores of 0–3, 4–6, 7–10, and 11+, were entered 
as separate categorical variables. To the purpose of primary 
data analysis, admissions to the Observation Unit were  
considered as hospital admission. Additional analyses were 
performed after exclusion of cases admitted to the Observation 
Unit before discharge.

ROC curves were used to evaluate the ability of the two 
tools to predict return ED visits, hospital admissions, and 
mortality in a 6-month follow-up. These outcomes were 
also analyzed in Cox proportional hazards models, where 
the ISAR and the SC categorical variables were individually 
entered as predictors. The assumption of proportionality 
was checked with visual inspection of the survival curves. 

Figure 1.  Receiver-operating characteristic (ROC) curves, with area under the curve and 95% confidence interval (CI), of the Identification of Seniors at Risk 
(ISAR) and the Silver Code (SC) in the prediction of hospital admission (left panel) and hospital mortality (right panel).
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Further analyses on the same outcomes were performed by 
considering only participants who were discharged directly 
from the ED.

A two-tailed p value less than .05 was considered statisti-
cally significant.

Results
A total of 1,632 participants (women 61%; mean age  

84 years, range 75–103) were recruited (Table 2). The ISAR 
was positive in the majority of the sample; the distribution 
into the four risk classes of the SC was homogeneous. The 
outcome of the index ED admission by ISAR and SC is 
described in detail in Supplementary Appendix Table A1. 
Overall, 888 participants were discharged directly from the 
ED, 167 were admitted to the Observation Unit and then 
discharged, and 558 were admitted to the hospital. Ninety-
four participants died in the hospital (5.8% of the total  
sample), of whom 19 died in the ED.

The correlation between ISAR and SC scores was fair  
(r = .350), though highly statistically significant (p < .001). 
As expected, the proportion of ISAR-positive participants 
increased progressively across SC risk classes 0–3, 4–6, 7–10, 
and 11+ (55%, 67%, 81%, and 88%, respectively; p for 
trend < .001).

The time spent in the ED was significantly greater in 
ISAR-positive (465 ± 20 minutes) than in ISAR-negative 
participants (283 ± 16 minutes) and increased progressively 
across SC classes, from 340 ± 38 minutes in class 0–3 to 
537 ± 35 minutes in class 11+ (p for trend < .001). The 
proportion of participants who were admitted to either the 
Observation Unit or a regular hospital ward was 28% in 
ISAR-negative and 51% in ISAR-positive participants (p < 
.001) and 33%, 33%, 53%, and 57% across SC classes  
(p for trend < .001). The corresponding figures for hospital 
mortality (which included deaths occurring either in the ED 
or after hospitalization) were 1.5% and 7.2% (p < .001) 
when participants were classified with the ISAR and 2.0%, 
2.5%, 6.0%, and 11% (p < .001) across SC classes. Overall 
prognostic performance of the two tools was satisfactory,  
as indicated by values of the area under the ROC curve  
between 0.63 and 0.72, and only slightly nonsignificantly 
worse for the SC than for the ISAR (Figure 1). Details of the 
prognostic performance of the two tools, by each cutoff 
point and in respect to both short-term outcomes, are  
reported in the Supplementary Appendix Tables A2 and A3.

ISAR-positive participants had an odds ratio of 2.68 
(95% confidence interval 2.10–3.42) for hospital admission 
and of 5.23 (2.27–12.04) for death (p < .001 in both com-
parisons). Compared with participants who scored 0–3, the 
risk of hospitalization increased progressively across SC 
classes, with odds ratio of 1.03 (0.75–1.41), 2.27 (1.68–3.08), 
and 2.76 (2.05–3.73; p for trend < .001). The risk of death 
showed an even steeper increase, as indicated by odds ratio 
of 1.28 (0.46–3.55), 3.20 (1.31–7.86), and 5.94 (2.52–14.02; Ta
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p for trend < .001). All these results remained substantially 
unaffected by exclusion of participants who were dis-
charged from the ED after Observation Unit stay.

Of the 1,538 participants discharged alive, including 
those who had been admitted to the hospital after the index 
ED visit, 135 (33%) ISAR-negative and 534 (47%) ISAR-
positive patients had a return ED visit, 108 (27%) and 419 
(37%) required hospitalization, whereas 22 (5.4%) and 217 
(19%) died in the 6-month follow-up (p < .001 in all com-
parisons). Across SC classes, these percentages were 36%, 
38%, 42%, and 55% for return ED visit, 25%, 31%, 34%, 
and 44% for hospital admission, and 4.3%, 8.7%, 18%, and 
27% for mortality (p for trend < .001 for all comparisons).

In separate Cox regression models on the entire sample 
(Table 3), both a positive ISAR score and an SC risk class 
higher than 0–3 predicted a return visit to the ED, hospital-
ization, and death in the 6-month follow-up. ROC curves 
suggested that the overall prognostic performance of the 
two tools was good for the mortality end point, with areas 
under the ROC curve of 0.70 for both ISAR and SC, and 
suboptimal for the other two end points (areas under the 
ROC curve between 0.58 and 0.60), again with no signifi-
cant difference between the SC and the ISAR (Figure 2).

When analyses were restricted to the 888 participants 
who had not been admitted to the hospital at the index ED 
access, the SC predicted all three follow-up outcomes, 
whereas the ISAR was associated with return visit and death 
but not with hospitalization (Table 4). The area under the 
ROC curve was comparable between the ISAR and the SC 
for the three outcomes (data not shown).

Discussion
In this study, the SC correlated well with the ISAR and 

proved to be at least as accurate in predicting time spent in 
the ED; need for hospitalization and hospital mortality after 

Figure 2.  Receiver-operating characteristic (ROC) curves, with area under the curve and 95% confidence interval (CI), of the Identification of Seniors at Risk 
(ISAR) and the Silver Code (SC) in the prediction of emergency department (ED) return visit (left panel), hospital admission (central panel), and mortality (right 
panel) in a 6-month follow-up of the 1,538 participants discharged alive after the index ED visit.

the index ED visit; and long-term outcomes, such as  
ED return visit, hospitalization, and death in 6 months. The 
predictive ability of the SC was maintained in participants 
who left the ED at the end of the index visit without being 
hospitalized.

These findings confirm and expand in a different popula-
tion the results of a previous study (11), in which the SC was 
developed and validated in patients admitted to the hospital, 
with 1-year mortality as the only outcome. Thus, the external 
validity of the SC, its comparability with an established tool 
for direct clinical assessment of older patients in the ED, 
and its ability to predict a variety of relevant outcomes be-
sides mortality are now all well documented, even in patients 
discharged directly from the ED. The SC proves to be a solid 
prognostic predictor in older patients accessing the ED for 
medical reasons.

Given that an ED visit by an older person typically her-
alds high risk for decline and death, the ED may represent a 
crucial care site for older persons, where ideally interven-
tions able to change patients’ health trajectories can be  
delivered (7). In this context, the utility of valid, rapid, and 
low-cost instruments for the early identification of older 
persons with complex medical problems and poor prognosis, 
among those who seek medical care in the ED, cannot be 
overemphasized. Evidence has been provided that, com-
pared with traditional internal medicine wards, acute geriat-
rics units, where comprehensive assessment and tailored 
therapeutic programs are applied, improve survival and 
functional outcomes of frail older patients (13–15). This 
implies that health care professionals, who are increasingly 
required to optimize resource utilization, must perform a 
careful prognostic stratification. The ISAR is one of the few 
instruments (9,16) specifically designed to evaluate older 
patients and assess their prognosis in the ED. Our findings 
confirm its validity in respect to several outcomes and show 
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that it predicts need for hospital admission and hospital 
mortality, findings that had never been reported previously. 
However, it should be pointed out that at the usual cutoff  
of ≥2, the tool classified as at risk most of the participants in 
this study, when in fact less than half of them were eventu-
ally hospitalized and approximately 6% died in the hospital. 
These findings are in agreement with those from previous 
studies, where the poor specificity of the ISAR was criti-
cized and the suggestion was made to increase to 6 the cut-
off point of the polypharmacy item (17). On the other hand, 
the SC, with its four classes, appears to offer a more articu-
lated assessment, culminating in the substantially greater 
risk for hospital admission and death in the acute phase, as 
well as for new events in the follow-up, in the 11+ class. In 
the long term, both tools performed well for mortality but 
poorly for return visits and rehospitalizations. This is not 
surprising for the SC, which was indeed developed using 
long-term mortality as an outcome, yet is somewhat disap-
pointing for the ISAR, which had been reported to be a valid 
predictor of return visits and rehospitalizations in previous 
studies (8,18). It is possible that differences in health care 
systems and, in particular, in community services account 
for these differences in the performance of the ISAR across 
studies.

To our knowledge, the SC is the first tool predicting prog-
nosis of older hospitalized patients based purely on admin-
istrative data, which would be virtually available even 
before patients access the ED. Because it does not take into 
account the reason for the index ED access, its prognostic 
ability reflects patient’s background health conditions and, 
therefore, it would be expected to misclassify patients  
defined as at low risk but with new-onset life-threatening 
conditions. According to the data presented here, this does not 
appear to majorly compromise its prognostic performance.

A prognostic assessment solely based on administrative 
data should never substitute a thorough consideration of  
patients’ clinical conditions but rather represent only a first 
preliminary step. The SC could also be used as an objective 
and low-cost tool for risk adjustment in health services  
research, when comparing health outcomes across different 
facilities or evaluating changes in the performance of health 
care systems with time.

Study limitations should be acknowledged. Because  
of the substantial time lag between each episode of care 
(hospitalization, drug dispensation) and availability of the 
corresponding computerized data, the SC was reconstructed 
retrospectively several months after enrollment. Thus, so 
far, it has never been used as a real-time triage aid: To this 
purpose, data flow from administrative archives must be 
rapidly integrated and processed, a goal that should be  
easily reached with current computer technology and an  
affordable resource investment. The sample enrolled was 
very old and the hospital where the study was conducted has 
a dedicated geriatric ED with trained staff, two conditions 
that cannot be generalized to most hospitals. Admittedly, 
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external validity is probably further limited by exclusion of 
nighttime arrivals and preselection of participants by commu-
nity emergency services as nontrauma cases. Other clinical 
events, such as change in functional status or incident delir-
ium, are important in hospitalized older patients and might 
have been considered as study outcomes but, unfortunately, 
were unavailable. Finally, as data on recurrent ED access 
or hospitalization were limited to the Marche region, we 
might have missed events occurring elsewhere; however, out-
of-region use of hospital services are negligible, especially 
at an old age.

In conclusion, we have provided evidence that the SC, 
using simple administrative data, offers a good prognostic 
assessment, at least as accurate and valid as the ISAR, of 
older patients who access an ED for medical reasons, in 
terms of need for hospital admission and mortality in the 
acute phase and of return ED visit, hospitalization, and mor-
tality long term.
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