
Introduction

The evolution of the demand for healthcare and the
development of a network of services led to a major
review of the hospital role, which changed from being
regarded as a privileged place of competent care with

an exhaustive set of services to acute-care hospital,
characterized by highly integrated technologies and
expertise. 

The more the hospital tends to define and guide its
role in such direction, the more it becomes essential to
establish the synergies which are necessary to an effec-
tive management of the treatment cycle and to organize
the structure according to the intensity of care.1-3

This issue is extremely topical among the divisions
of Internal Medicine.

The Internal Medicine operating units have been
increasingly characterized for the treatment of acute
patients. A progressive reduction in hospital beds, the
increasing performance in day-hospital care, day-ser-
vice and outpatient visits have concentrated patients
suffering from serious diseases, both acute and acute-
on-chronic, in medical wards. Furthermore, the in-
crease in life expectancy has brought with it a kind of
fragile patient, multi-pathological, at high risk of com-
plications for comorbidity, and thus in need of inten-
sive care.4,5

Intensity of care is related to many of these pa-
tients’ instabilities and critical aspects; hospitalizing
internal medicine patients in large wards without prior
evaluation of these parameters and without prior risk
stratification of rapid clinical deterioration may rep-
resent a non-optimal approach.
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There are limited data in literature about the avail-
ability of indicators and scores to attribute the level of
intensity care in Internal Medicine.6,7

Several studies determined patient criticality and
instability through the use of modified early warning
score (MEWS), which is a simple, repeatable and bed-
side executable validated score that identifies criti-
cally-ill patients at risk of deterioration on the basis of
simple parameters.8-14

Acute deterioration is often preceded by subtle
changes in physiological parameters such as pulse,
blood pressure, respiratory rate and level of con-
sciousness.

Despite taking into consideration these parameters,
MEWS does not exhaustively identify the criticality
level of complex patients who are hospitalized in In-
ternal Medicine wards.

Therefore, we extended the MEWS with some ad-
ditional parameters, (i.e., O2 saturation, hematocrit,
creatinine, and age) to introduce a new score (Ni-
guarda MEWS). 

The aim of this study was to compare the two
scores (MEWS and Niguarda-MEWS) by evaluating
their sensitivity, specificity and prognostic ability.

Materials and Methods
We enrolled patients admitted to the emergency

room in the Internal Medicine ward of Niguarda hos-

pital in the period from November 2013 to October
2014.

All patients with planned hospitalization were ex-
cluded from the analysis. In all patients with multiple
admissions to the same department, only the last ad-
mission was taken into account.

The initial sample consisted of 490 patients.
The study was retrospective and employed the

scores MEWS and Niguarda-MEWS (Table 1); all pa-
rameters were derived from data in the medical
records at admission.

The MEWS score considers 5 parameters: systolic
blood pressure, pulse rate, respiratory rate, tempera-
ture, and level of consciousness.8

The Niguarda-MEWS score takes also into ac-
count further parameters: O2 saturation, creatinine,
hematocrit, and age. 

A variable weight from 0 to 3 is assigned to each
parameter in both scores.

The new score considers the same parameters as the
MEWS with the addition of some refinements, whose
data from literature have already validated as indicators
of mortality: i) creatinine, whose range of values for
scoring was extrapolated from APACHE II (acute phys-
iologic assessment and chronic health evaluation II).15,16

According to this study, creatinine is to be scored 0 for
values <1.4 mg/dL; 1 for values between 1.5 and 2
mg/dL; 2 for values between 2.1 and 2.9 mg/dL; and 3
for values >3 mg/dL; ii) oxygen saturation by means of
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Table 1. Modified early warning score (MEWS) and Niguarda MEWS.

                                                                                                                               MEWS
                                                3                          2                          1                         0                         1                          2                          3

SBP (mmHg)                         <70                     71-80                  81-100               101-199                                            ≥200                        

Pulse rate (bpm)                       -                         <40                     41-50                 51-100               101-110               111-129                 ≥130

Respiratory rate (bpm)             -                          <9                          -                       9-14                   15-20                  21-29                    ≥30

Temperature (°C)                     -                         <35                         -                    35-38.4                     -                       ≥38.5                      -

AVPU                                       -                           -                           -                       Alert                  Verbal                   Pain             Unresponsive

                                                                                                   Niguarda MEWS
                                               –1                       3                      2                      1                     0                       1                     2                    3

SBP (mmHg)                           -                      <70                71-80              81-100          101-199                  -                   ≥200                 -

Pulse rate (bpm)                       -                        -                    <40                41-50            51-100             101-110          111-129           ≥130

Respiratory rate (bpm)             -                        -                     <9                     -                   9-14                 15-20              21-29              ≥30

Temperature (°C)                     -                        -                    <35                    -                35-38.4                  -                  ≥38.5                 -

AVPU                                       -                        -                       -                       -                  Alert                Verbal               Pain        Unresponsive

Hematocrit (%)                        -                      <20               20-29.9                                   30-45.9             46-49.9           50-59.9             >60

Creatinine (mg/dL)                  -                        -                       -                       -                      -                    1.5-2              2.1-2.9              ≥3

Oxygen saturation (%)             -                        -                       -                       -                 100-95               94-90              89-85              ≤84

Age (years)                            <56                      -                       -                       -                  56-65                66-74                >75                  -

MEWS, modified early warning score; SBP, systolic blood pressure; AVPU, level of consciousness.
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pulse oximeter,11,17,18 whose values were derived from
Duckitt’s study;17 iii) hematocrit, whose score is also
derived from APACHE II.15,16

Basing on the scores assigned by APACHE II, nor-
mal ranges for hematocrit are between 30 and 45.9%.
One point was attributed when an increase of hemat-
ocrit between 46 and 49.9% was registered. Two
points, which undoubtedly indicate a far more critical
condition, were attributed in the presence of two pos-
sible conditions: either moderate-to-severe anemia
(hematocrit 20-29.9%) or moderate-to-severe hemo-
concentration (hematocrit 50-59.9%). Three points
were attributed in the case of severe anemia or hemo-
concentration, i.e. with values <20% or >60% respec-
tively; iv) age: this parameter was chosen based on
Smith’s work.19 Patients aging between 56 and 65
years are not considered at risk. One point was taken
off from the final score if the patient was under 55
years old.

Statistical analysis

In this work the Kruskal-Wallis test was used to
compare the MEWS and the Niguarda-MEWS’s
scores between the diagnosis and the diagnosis-related
group.

The χ2 test was employed to evaluate the associa-
tion between diagnosis and death.

The discriminative power of the two scores was
compared through the use of receiver operating char-
acteristic (ROC) curves.

The study has been approved by the Institutional
Reviewer Board of Niguarda Ca’ Granda Hospital.

Results

Over the considered period, 490 patents were ad-
mitted to the Emergency Room of hospital Niguarda
Ca’ Granda and discharged from departments of Inter-
nal Medicine (IA, IB, IC). 

Eight patients were eliminated from the initial
sample because they had been hospitalized twice and
eleven patients were removed due to lack of data to
determine the score. As a result, the total sample size
was 471 patients. We considered 311 patients dis-
charged in 2013 and 160 discharged in 2014.

Demographic characteristics of the studied patients
are presented in Table 2.

The distributions of the two scores are presented
in Figure 1.

We compared the two scores by assigning 0 to 3
points to each variable for both of them. Since MEWS
considers five parameters, the scores range from 0 to
15, while Niguarda MEWS ranges from –1 to 21.

As shown in the chart, the majority of patients tested
through Niguarda MEWS scored between 3 and 8.

Conversely, according to MEWS, most of the patients
scored around 2 and 3. 

The analysis through the ROC curves allowed to
determine which of the two scores was more predic-
tive of mortality; Niguarda MEWS emerged as more
accurate than MEWS. 

If we set the MEWS criticality cut-off value at 5,
which means that patients scoring ≥5 should be admit-
ted to intensive care units, 7.4% of patients turn out to
be critically ill. On the other hand, if the criticality cut-
off value is set at 3, which is more pertinent to non-
intensive medical units and to the concept of
organizational appropriateness, 33.4% of patients turn
out to be critically ill.

As already demonstrated by the study about care
intensity and clinical complexity,20 considering criti-
cality from scores ≥3 would allow to more accurately
predict the negative clinical evolution and thus to
identify patients at risk of worsening.

In this study, the cut-off is set at 3 to maximize the
specificity and sensitivity of the MEWS score, accord-
ing to literature data.20,21 Conversely, referring to the
Niguarda MEWS score, such value is set at 6.

40.98% of patients will be regarded as critically ill
(7% more) by setting Niguarda-MEWS’s criticality
cut-off value ≥6.

Through the evaluation of the cut-offs, we have
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Table 2. Baseline demographic and clinical characteris-
tics of the population sample (n=471).

Characteristics                                                      Data*

Male prevalence                                                228 (48.41%)

Age (years)                                                          77 (67-84)

Pulse rate (bpm)                                                  88 (77-103)

Respiratory rate (bpm)                                         16 (16-18)

Systolic blood pressure (mmHg)                      140 (115-155)

Temperature (°C)                                               36 (36-36.5)

Serum creatinine (mg/dL)                               1.02 (0.79-1.45)

Hematocrit (%)                                                36.8 (31.5-41.3)

Oxygen saturation (%)                                         96 (94-98)

Hospitalization (days)                                           12 (8-20)

Expired                                                                57 (12.1%)

Others Departments                                           48 (10.19%)

Intensive Care Unit                                              1 (0.21%)

Emergency Medicine Department                       1 (0.21%)

Cardiac Coronary Unit                                         1 (0.21%)

Sub-intensive Care Unit                                       2 (0.42%)

Complications                                                      5 (1.06%)

*Data are shown as median (interquartile range) or N (%).
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thus assessed the sensitivity and specificity of both
scores (Figure 2 and Table 3).

It is also very interesting to search for higher cor-
relation between high values of both scores and a spe-
cific disease (Figures 3 and 4). 

In this case, the new score is higher for genitouri-
nary and respiratory diseases (median 6), followed by
hematologic and cardiovascular diseases (5) and then
by neurologic diseases (4).

On the contrary, MEWS has median 2 for respira-
tory and cardiovascular diseases.

It must be noted that the diseases which occur at
older ages are those affecting: i) the central and pe-

ripheral nervous system: median 82; ii) the cardiovas-
cular system: median 82; iii) the genitourinary system:
median 83.
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Figure 1. Distribution of modified early warning score (MEWS) (top panel) and Niguarda MEWS score (bottom panel).

Table 3. Sensitivity and specificity of cut-off values.

                                Cut-off            Sensitivity            Specificity

MEWS                         3                   0.578947              0.698068

Niguarda MEWS          7                   0.631579              0.724638

MEWS, modified early warning score.

Non
-co

mmerc
ial

 us
e o

nly



All these pathologies are correlated with higher
scores and consequently with higher mortality, always
highlighting the crucial role played by age in correla-
tion with mortality, as can be easily understood.

Discussion

Our study is important because it confirms that
hospitalizing patients without any preliminary strati-
fication of risk may result in non-optimal treatment. 

Unfortunately, it is still uncertain how many levels
of care there are and, even worse, literature is scarce
regarding the structuring of indicators to determine the
level the patient should be assigned to.

Hospitals usually consider and provide for the fol-
lowing levels of care: i) level 1 (high intensity - critically
ill patient); ii) level 2 (from acute to medium intensity).

There is also a level 3 (post-acute) which should
be dealt with by local structures (Community Hospi-
tal, Nursing Home, Hospice). 

In most cases, Internal Medicine departments op-
erate at levels of care 1 and 2 (acute). 

In particular, level 2 of Medicine appears of fun-
damental importance because it is where the majority
of patients are admitted.

In fact, these patients do not require intensive care
in the true sense of the word, but they need more care
than what is regarded as normal for a traditional de-
partment. 

A recent study based on data from Italian hospital
discharge records has shown that Internal Medicine
wards seem to have the most important role in the
management of emergency hospitalizations: Internal
Medicine wards receive 27% of the total emergency
admissions and 83% of the admissions comes from
Emergency Room. Furthermore, the results of the
study support the phenomenon of the massive pres-
ence of elderly poly-pathological patients in Internal
Medicine admissions (the highest number of hospital-
izations in emergency is between 65 and over 85 years
old);22 in accord with these results, patients enrolled in
our study are 77 (67-84) years old on average.

Despite not requiring intensive treatment, these
patients may need a frequent assessment of vital signs
and/or diagnostic and therapeutic interventions and/or
focused nursing interventions.

Patient’s admission to a ward, which is appropriate
for its level of care, has to take into consideration the
parameters of instability and criticality, conditions that
may require a more frequent clinical monitoring of
vital parameters, as well as more intensive therapies
and nursing care.

Today there is no knowledge of precise indicators
to determine the level of care and, in particular, liter-
ature is limited regarding the availability of scores to
evaluate the complexity of hospitalized patients at ad-
mission.23

Some studies employ MEWS to classify internal
medicine patients at admission,24-26 but some others
highlight the need for improvement and extension of
parameters to better classify these patients.23,27,28

Much effort has recently been put by the UK Na-
tional Health Service (NHS) into a standardized scor-
ing system and, as a result, the national early warning
score (NEWS) has been introduced.11 The NEWS,
which adds O2 saturation to MEWS parameters, has
shown its superiority in detecting clinical deterioration
even if the positive impact on patient safety remains
to be investigated. 

Nevertheless, even with the addition of oxygen
saturation NEWS score may not be able to recognize
some internal medicine’s acute diseases.

Additional parameters (age, hematocrit and crea-
tinine in our method) may consent a more accurate
stratification of clinical instability risk in Internal
Medicine departments.

Old age and the complexity of patients with acute
conditions have been indicated as major determinant
for hospitalization through Emergency Room.22

The acute complex care model described by
Pietrantonio et al. emphasizes the central role of the
internist to ensure effective care of complex and
poly-pathological patients hospitalized for acute ill-
ness. In this new model, high-dependency area in
medical wards are devoted to unstable patients re-
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Figure 2. Receiver operating characteristic (ROC)
curves for the predictive value of modified early warning
score (MEWS) (solid line) and Niguarda MEWS (broken
line) for intra-hospital death. P-value refers to compar-
ison between the two areas under the curves (AUCs).
Grey dots identify best cut-off values for each curve,
which are the ones that optimize sensibility and speci-
ficity in the prediction. 
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quiring assiduous monitoring of vital sign and/or
complex therapies.29

Our study, in agreement with the work of Pietran-
tonio and Orlandini, confirms that the absence of a
preliminary stratification of criticality, complexity and
evaluation of a rapid clinical deterioration, can result
in a non-optimal treatment especially for complex and
poly-pathological patients who should be admitted to
the high-dependency area in medical wards as pro-
vided in acute care complex model.29

Study limitations

A retrospective study with a small sample of pa-
tients does not allow an evaluation of the correlation
between this new score and some complications such
as hospitalization in Intensive and Sub-Intensive care
and Cardiac Coronary Units.

Consequently, greater validation by means of a
prospective study on a large scale is necessary, per-
haps with the repetition of the new score during the
days spent in the hospital. Instability and criticality are

time-dependent and may change during hospital stay.

Learning points

The following learning points should be consid-
ered: i) MEWS, is a validated score that identifies crit-
ically-ill patients at risk of deterioration on the basis
of simple parameters (systolic blood pressure, respi-
ratory frequency, heart rate, temperature, level of con-
sciousness); ii) Niguarda MEWS is a new early
warning system that extended the MEWS with some
additional parameters (i.e., O2 saturation, hematocrit,
creatinine, and age); iii) the aim of this study was to
compare the two scores (MEWS and Niguarda-
MEWS) ability in patients admitted to the emergency
room in the Internal Medicine ward of Niguarda; iv)
Niguarda-MEWS demonstrates higher sensitivity and
specificity associated with greater prognostic and pre-
dictive ability compared to classic MEWS and may
thus represent a more appropriate tool to detect criti-
cality and instability in order to address the patient to
the right level of care.
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Figure 3. Distribution of modified early warning score (MEWS) according to diagnosis. Values are shown as median
(vertical line within box), mean (diamond within box), 25th and 75th percentiles (boxes), and maximum-minimum ranges
(vertical lines). P-value refers to comparison among scores.

Non
-co

mmerc
ial

 us
e o

nly



Conclusions
While confirming MEWS as a simple, quick re-

peatable and effective tool to detect criticalities at ad-
mittance, our study identifies a new score, which
might be more useful for the evaluation of internal
medicine patients. Both the scores can be measured at
the bedside. As revealed by results from the analysis
of the ROC curves, Niguarda-MEWS demonstrates
higher sensitivity and specificity associated with
greater prognostic and predictive ability and may thus
represent a more appropriate tool in the medical sector
for the identification of patients at risk of clinical de-
terioration and their consequent collocation, as well
as a warning tool for operators. Both aspects are es-
sential to outline a new model for intensity of care.

The Standard MEWS score explores five dimen-
sions with a scoring range between 0 and 15, while
Niguarda MEWS score explores nine dimensions
with a scoring range between 0 and 21. In fact Ni-
guarda MEWS maintains the previous characteristics
of MEWS. 

Standard MEWS is an assessment tool well vali-
dated by numerous studies about clinical criticality
and instability, where five parameters were considered
and patients were regarded as critically-ill for scores
≥5.8 If we set criticality cut-off value at 3, as already
done in other studies (which proved to be more real-
istic in medicine), we can identify 30% of critically-
ill patients.20,21

Niguarda MEWS explores a greater number of di-
mensions and, with criticality cut-off value set at 7, it
also identifies 30% of critically-ill patients.

Consequently, for standard MEWS the criticality
cut-off value is set at 3, while for Niguarda MEWS it
is set at 7, thus allowing the identification of highly
unstable patients. Hence the need to organize Internal
Medicine Units by levels of care. 

In the new score, criticality is correlated not only
to cardio-respiratory diseases but also to hematologic
and nephrological diseases, thus allowing the evalua-
tion of other internal diseases.

Furthermore, it seems worth to stress that, since
data are easy to collect in order to build the score, Ni-
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Figure 4. Distribution of Niguarda modified early warning score (MEWS) according to diagnosis. Values are shown as
median (vertical line within box), mean (diamond within box), 25th and 75th percentiles (boxes), and maximum-minimum
ranges (vertical lines). P-value refers to comparison among scores.
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guarda MEWS may be a valuable tool at the bedside,
not only to classify the levels of care in medicine, but
also to consider a reorganization of some departments
such as Intensive Care Units and Emergency Medi-
cine, where standard MEWS has already been em-
ployed, thanks to its immediacy and simplicity. 
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