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BACKGROUND: Unplanned (unexpected) transfers to the intensive care unit (ICU) are typically preceded by physiologic

instability. However, trends toward instability may be subtle and not accurately reflected by changes in vital signs. The shock

index (SI) (heart rate/systolic blood pressure as an indicator of left ventricular function, reference value of 0.54) may be a

simple alternative means to predict clinical deterioration.

OBJECTIVE: To assess the association of the SI with unplanned ICU transfers.

DESIGN: Retrospective case-control study.

SETTING: Academic medical center.

PATIENTS: Fifty consecutive general medical patients with unplanned ICU transfers between 2003 and 2004 and 50 matched

controls admitted to the same general medical unit between 2002 and 2004.

MEASUREMENTS: Demographic data and vital signs abstracted from chart review.

RESULTS: The SI was associated with unplanned ICU transfer at values of 0.85 or greater (P < 0.02; odds ratio, 3.0) and

there was a significant difference between the median of worst shock indices of cases and controls (0.87 vs. 0.72; P< 0.005).

There was no significant difference in age, race, admission ward, or Charlson Comorbidity Index, but hospital stay for cases

was significantly longer (mean [standard deviation, SD], 14.8 [9.7] days vs. 5.7 [6.3] days; P < 0.001).

CONCLUSIONS: SI is associated with unplanned transfers to the ICU from general medical units at values of 0.85 or greater.

Future studies will determine whether SI is more accurate than simple vital signs as an indicator of clinical decline. If so, it

may be a useful trigger to activate medical emergency or rapid response teams (RRTs). Journal of Hospital Medicine

2010;5:460–465. VC 2010 Society of Hospital Medicine.

KEYWORDS: critical illness, hospitalized patient, inpatient, intensive care units, morbidity, mortality, patient transfer, shock index,

vital signs.

The decision to transfer a patient to the intensive care unit

(ICU) from a general care setting is complex and based not

only on clinical findings and patient wishes but also on the

understanding that ICU resources are limited and costly.1

Adding to the decision-making complexity is the knowledge

that patients who transfer to an ICU from a general medical

unit comprise the highest mortality group of ICU patients,

with the mortality rate directly proportional to both the

time spent on the general medical unit1,2 and the number

of physiologic abnormalities before ICU admission.3,4

Prior studies have shown that cardiac arrest and

unplanned (unexpected) transfers to the ICU are preceded

by a period of physiologic instability reflected in the vital

signs.5–10 However, vital signs alone may not accurately

indicate clinical condition. For example, a person may be

able to maintain normal blood pressure and heart rate de-

spite severe illness or may have ‘‘abnormal’’ vital signs at

baseline, which may be the case for an otherwise healthy

young woman who has baseline low systolic blood pressure.

Also, noncritical conditions commonly seen in hospitalized

medical or surgical patients, such as anxiety or pain, may

increase the respiratory rate or heart rate. Conversely, cer-

tain common medications, such as b-blockers, may mask or

blunt the normal physiologic response to illness. Overall,

the prevalence of abnormal physiologic variables is high

among hospitalized adult patients irrespective of the pres-

ence of serious adverse events.11 This prevalence may be a

reason why 2 recent studies of inpatient medical emergency
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teams (METs) or rapid response teams (RRTs), which gener-

ally rely on vital signs for activation, failed to show a

decrease in adult mortality rates.12,13

Given the complexity of interpreting single vital sign

readings, we evaluated a simple and clinically intuitive vari-

able, the shock index (SI) (heart rate/systolic blood pressure,

a noninvasive indication of left ventricular function),14 as a

potential marker of the need for intensive care. Allgöwer

and Burri14 first developed the SI in studies of patients with

acute blood loss, intraabdominal bleeding, fat emboli, and

severe infections. They observed that a healthy adult had a

mean SI of 0.54 (standard deviation [SD], 0.021), while an

index of 1.0 indicated ‘‘threatened shock’’ and indices

greater than 1.5 were seen in volume-deficient shock.

We hypothesized that an elevated SI is a differentiating

factor between a patient who had an unplanned ICU trans-

fer and a general medical patient who did not require this

higher level of care. To our knowledge, the SI has not been

studied for this application previously.

Patients and Methods
Study Design
We conducted a retrospective case-control study of 50 con-

secutive general medical patients who had unplanned trans-

fers to the ICU and 50 matched control patients, with the

approval of the Mayo Clinic Institutional Review Board. All

patients were admitted to a general medical unit, and only

patients who previously provided permission for their

records to be used in research were included in the study.

Patients
This study enrolled patients who were at least 18 years old

and who were admitted to a single general medical unit for

24 hours or longer. Patients were excluded if they required a

surgical intervention, were transferred from another hospi-

tal, received care on a different general medical unit at any

time during the hospitalization, or were pregnant. Our data

collection began at the patients’ (cases and controls) arrival

on the general medical unit; we did not include data from

any evaluation (outpatient or emergency department) before

hospital admission.

Case Definition
An unplanned transfer was defined as an episode of unex-

pected clinical deterioration in a general medical patient

that necessitated transfer to the ICU, as opposed to a pre-

emptive or elective transfer following a procedure. Patients

with unplanned transfers from December 9, 2003, to De-

cember 29, 2004, were eligible for the study. Only the first

transfer to the ICU was considered for patients who had

multiple ICU transfers during a single hospitalization.

Because these data were collected before METs or RRTs

were introduced at our institution, the recommendation for

ICU transfer was a joint decision by the primary care team

and the ICU team.

Control Definition
The matched controls were identified from among patients

admitted to the general medical unit from January 16, 2002,

to December 13, 2004. To reduce the effect of the heteroge-

neity inherent in general medical patients, we matched con-

trols for age (within 5 years of age of the corresponding

case), admission diagnosis code, and patient care unit of

admission and required that they were admitted for at least

24 hours before dismissal. Patients who had an ICU stay

during the same admission were excluded. The median dif-

ference in admission dates between the cases and the con-

trols was 327 days, and 26 of the 50 matched pairs had

admission dates within 1 year of each other. This lengthy

interval between cases and controls was a consequence of

the low incidence of patients who met the matching

criteria.

Setting
This study involved the general medical units and ICUs of

the 1157-bed Saint Mary’s Hospital, an academic tertiary

care facility at Mayo Clinic in Rochester, Minnesota.

Vital Sign Determination
Vital signs abstracted for this study included blood pressure,

heart rate, respiratory rate, oxygen saturation, and tempera-

ture. The SI was calculated for each set of abstracted vital

signs. Staff nurses were responsible for the routine measure-

ment and recording of vital signs at least once every 8

hours, although in several instances not all parameters were

checked. In accordance with nursing policy, values outside

the defined parameters were rechecked by the nursing

supervisor of each care unit and, if found to be abnormal,

were conveyed to the patient’s physician. This system meant

that abnormal results were checked by numerous observers,

with differences in the frequency of recordings for individ-

ual patients.

Data Collection
Demographic data and information on the vital signs were

abstracted through a comprehensive chart review. Demo-

graphic data included age, sex, ethnicity, comorbid condi-

tions, hospital care unit, date and time of admission, admis-

sion diagnosis, date and time of transfer to the ICU, length

of stay, dismissal date, and disposition at discharge. Comor-

bid conditions were scored using the Charlson Comorbidity

Index.15

Statistical Analysis
A sample size of 50 matched pairs provided 81% power to

detect an odds ratio of 3.0 or greater between cases and

controls, with a 0.05, 2-tailed level of significance with

McNemar test. Patient demographic characteristics were
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summarized by the frequencies for categorical data and by

mean and SD for continuous data. Consistent with the study

design, the McNemar test and conditional logistic model

analyses were used to determine the association between

the SI and the risk of unplanned ICU transfer. Shock indices

for the cases and controls were compared with use of t test.

A P value <0.05 was considered statistically significant. For

the SI, we calculated the odds ratio and its 95% confidence

interval (CI) and P value using different cut points. We did

not perform a receiver operating characteristics analysis

because matching of cases and controls greatly complicates

estimation of the sensitivity and specificity of the SI;16 a

cohort study is suggested to investigate this analysis further.

All statistical analyses were performed by SAS version 9.1.3

software (SAS Institute Inc, Cary, NC).

Results
A total of 50 pairs of matching cases and controls was

included in this study. Table 1 lists the source of admission,

demographic characteristics, and numbers of deaths for

cases and controls. There were no statistically significant

differences in admission source, age, sex, ethnicity, admis-

sion care unit, or Charlson Comorbidity Index. Mean length

of stay was 14.8 days (SD, 9.7 days) for the cases and 5.7

days (SD, 6.3 days; P < 0.001) for the controls. Admission

diagnoses were classified on the basis of the organ system

of involvement (Table 2). In 30 of 50 cases, the admission

diagnosis and the reason for ICU transfer were related.

We reviewed the vital signs and shock indices for the 24

hours before ICU transfer for each case and over the entire

hospitalization for each control, to determine the ‘‘worst’’

set (the lowest systolic blood pressure and the highest heart

rate, respiratory rate, and SI). The cases had 1 to 22 com-

plete sets of vitals for the 24 hours before ICU transfer; the

median number of sets was 3 and the mean was 4. The con-

trols had 1 to 12 complete sets for the 24 hours before the

worst SI: the median was 3 sets and the mean was 3. In 26

of 50 controls, the worst SI occurred within the first 24

hours after admission. There was a significant difference

between the median values of the worst shock indices of

the cases and the controls (0.87 vs. 0.72; P < 0.005).

Table 3 shows the different values of the SI and the corre-

sponding odds ratio of unplanned ICU transfer for cases

compared with controls. The difference was significant at an

TABLE 1. Admission Sources, Demographic Characteristics, and Deaths of Study Patients

Value Cases (n ¼ 50) Controls (n ¼ 50) P Value*

Emergency department admission, No. (%) 33 (66) 28 (56) 0.41

Direct admission, No. (%) 14 (28) 15 (30) 1.00

Other admission, No. (%) 3 (6) 7 (14) 0.32

Age, mean (SD), years 69.8 (15.7) 70.3 (15.8) 0.38

Male sex, No. (%) 26 (52) 18 (36) 0.12

Ethnicity, No. (%) 1.00

White 46 (92) 46 (92)

Other 4 (8) 4 (8)

Charlson Comorbidity index, mean (SD) 3.06 (2.31) 2.66 (2.02) 0.22

Hospital stay, mean (SD), day 14.8 (9.7) 5.7 (6.3) 0.0007

Hospital deaths, No. 9 1 0.008

Deaths within 30 days, No.y 5 2 0.24

Deaths within 6 months, No.y 9 6 0.40

Abbreviation: SD, standard deviation.

*P values from McNemar test.
y In addition to inpatient deaths.

TABLE 2. Admission Diagnoses of Cases

System Primary Admission Diagnosis No. of Cases

Constitutional Fever, malaise, general symptoms 7

Cardiovascular Hypertension, congestive heart failure, chest pain, peripheral vascular disease, edema 5

Dermatologic Cellulitis, foot ulcer, skin rash 3

Gastrointestinal Pancreatitis, gastrointestinal hemorrhage, nausea and vomiting, diarrhea, abdominal pain 6

Hematologic Thrombocytopenia, abnormal coagulation 2

Musculoskeletal Lymphedema, shoulder pain, lumbago, back ache, closed dorsal vertebral fracture 7

Neurologic Delirium tremens, psychosis, convulsions 3

Pulmonary Pneumonia, food or vomit aspiration pneumonitis, shortness of breath, respiratory abnormality 13

Renal Hyperkalemia, acute renal failure, renal artery atherosclerosis 4
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SI of 0.85 and greater, indicating a strong association with

unplanned ICU transfer.

We also found that the patients who transferred to the

ICU had a greater number of inpatient deaths (9 cases vs. 1

control; P ¼ 0.008), which would be expected, but there was

no difference in 30-day or 6-month mortality rate (Table 1).

One patient died after 30 days and while still hospitalized.

Comparison between the temporal trend of vital signs

and the SI of the cases for the 24 hours before ICU transfer

is shown in Figure 1. This graph shows the median of all

the worst values (minimum systolic blood pressure and

maximum SI, heart rate, and respiratory rate) over the four

6-hour time periods (24 hours) preceding ICU transfer. Of

note, the change in vital signs is subtle even while the SI

increased to more than 0.8 as the patients clinically wors-

ened before transfer.

Discussion
In our comparison of the SI of 50 patients who required

unplanned (unexpected) transfer to the ICU with the SI of

50 matched controls who did not require this higher level of

care, we found that a SI of 0.85 or greater was significantly

associated with unplanned transfer to the ICU. The cases

had a significantly higher worst SI than the controls, and

they also had a significantly longer hospital stay and higher

inpatient mortality rate, as would be expected for a sicker

patient population. These findings are important given that

the SI may be useful for assessing illness severity, for help-

ing determine the need for transfer to the ICU, or for acti-

vating METs or RRTs.

A major problem with providing optimal care for hospi-

talized general medical patients is the inherent difficulty in

determining illness severity and clinical decline, especially

when the decline occurs gradually. Existing consensus rec-

ommendations for ICU admission include both specific

diagnoses and ‘‘arbitrary’’ objective criteria based on abnor-

mal vital signs and laboratory values.27 Also, individual insti-

tutions may have their own ICU admission requirements,

which may differ from these or RRT criteria. Although vital

signs are important as a snapshot of basic physiologic func-

tion, a number of noncritical conditions may lead to abnor-

mal vital signs, and not all abnormal vital signs are associ-

ated with an adverse clinical event. By relying solely on vital

signs, clinicians may not recognize critical illness and there-

fore not transfer a patient to the ICU or may inappropriately

transfer a patient who does not need ICU-level care.

Markers of illness severity other than vital signs, such as

the Acute Physiology and Chronic Health Evaluation

(APACHE) score, have been shown to predict the death of

ICU patients17,18 but have been rarely studied outside the

ICU setting.19 Also, calculating the APACHE score is cum-

bersome, and there is no cutoff score that defines when a

patient should be transferred to the ICU. Subbe et al.,20 in

their study to identify critically ill patients, found that

‘‘introduction of a physiological scoring system (including

MET or RRT activation scores) would have identified only a

small number of additional patients as critically ill.’’ Another

common marker of illness severity, the 4 criteria of the sys-

temic inflammatory response syndrome (temperature <36�C
or >38�C; heart rate >90 beats per minute; respiratory rate

>20 breaths per minute or PCO2 <32 mm Hg; and white

blood cell count >12,000/lL or <4000/lL or with more than

10% band cells)21 may be too sensitive to use as a decision

aid, since even a healthy person running after a bus could

have 2 of the 4 criteria.22 Likewise, surgical patients may

have transient leukocytosis due to a stress response inde-

pendent of an infection.23

The SI may be more accurate than vital signs alone to

determine illness severity and who is at risk for an

unplanned transfer to the ICU. Birkhahn et al.24 concluded

that the SI may be more useful in early hemorrhage than

either heart rate or systolic blood pressure alone. Rady

et al.25 showed that the SI used in the emergency depart-

ment can identify critical illness with apparently stable vital

signs, where an elevation of the SI above 0.9 was associated

with an illness that was treated immediately with admission

to the hospital and intensive therapy on admission. How-

ever, it is unclear whether the SI can be used to monitor

ongoing treatment, because a previous study showed that

the SI may be of limited value in the assessment of systemic

TABLE 3. Shock Index and Odds Ratio of Unplanned
Intensive Care Unit Transfer

Shock Index P Value Odds Ratio 95% CI

0.8 0.05 2.43 1.01–5.86

0.85 0.02 3.00 1.91–7.56

0.9 0.007 7.50 1.72–32.78

0.95 <0.03 5.50 1.22–24.81

Abbreviation: CI, confidence interval.

FIGURE 1. Temporal trend of the shock index (SI) and vital
signs in cases during the 24-hour period before ICU
transfer. SBP indicates systolic blood pressure; HR, heart
rate; RR, respiratory rate.
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oxygen transport and response to therapy in clinical septic

shock.26 Of note, the SI is mostly independent of the effects

of pain or anxiety, which cause a concurrent rise in heart

rate and systolic blood pressure. Because the heart’s left

ventricular work is unchanged or may increase from the

underlying catecholamine surge, the SI will be unchanged

or may actually decrease.

Our study adds to the medical literature the findings

that: (1) the SI may be useful as an indicator of illness se-

verity and a triage tool in patients with no trauma but with

various medical conditions, and (2) the SI showed a strong

association with unplanned ICU transfer.

The main strength of our study is its case-control design

with matched controls. Also, by comparing groups from the

same patient care unit, we sought to minimize the selection

bias that can be inherent in case-control studies. Limita-

tions include the retrospective, nonrandomized study design

and the fact that there may have been variations in vital

sign measurements by the multiple caregivers. However, the

vital signs were taken according to standard hospital prac-

tice and reflect real-world conditions. Although generaliz-

ability may be somewhat limited because of our homogene-

ous patient population, our patients had a wide range of

various medical illnesses, so our study should be applicable

to other hospital settings, both academic and community-

based.

One of the main weaknesses of our study is that the

results were not adjusted for the burden of comorbid condi-

tions, although there were no statistically significant differ-

ences in the number of comorbid conditions among the

cases and the controls (P ¼ 0.96). Also, we did not directly

compare the SI with vital signs alone to determine

superiority.

The SI may be an important objective measure to help

clinicians decide when patients need treatment that is more

aggressive, assistance from a MET or an RRT, or a preemp-

tive, rather than unplanned, transfer to an ICU. Although it

is unlikely that a single measure will allow accurate triage of

all medical or surgical patients, the SI may be a useful

adjunct to clinical judgment and other objective measures

in determining illness severity and clinical decline. Further

prospective studies are needed to compare the role of the SI

specifically with MET or RRT activation criteria, to clarify

the role of comorbid conditions in unplanned transfers to

the ICU, to validate the cut point for the SI in various dis-

ease states, and to assess its utility in patients with septic

shock. Depending on these results, it may be beneficial to

incorporate the SI into the electronic medical record as an

automatic alert to identify patients at risk for ICU transfer.

Conclusions
The SI is an easily calculated composite index of heart rate

and systolic blood pressure. An elevated SI of �0.85 can

identify patients who are at risk for unplanned transfer to

the ICU from general patient care units. Future studies will

determine whether the SI is more accurate than simple

vital signs as an indicator of clinical decline. If so, it may

be useful as a trigger to activate METs or RRTs for

treatment.
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