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Abstract
Background—Inpatients may be at risk of cardiopulmonary instability during radiologic testing.
Calling the medical emergency team is one rescue intervention that brings a team of critical care
providers to the unstable patient. Little is known, however, about patients’ instability and
activations of the medical emergency team in the radiology department (RD-MET).

Objectives—To describe the cause of activation of the RD-MET for hospitalized patients,
temporal attributes of RD-MET involvement, characteristics of RD-MET patients, and
characteristics associated with good and poor outcomes after RD-MET activation.

Methods—Retrospective pilot study of RD-MET calls for 64 inpatients in a tertiary care hospital
during 2009.

Results—Reasons for RD-MET activation were 39% neurological, 38% cardiac, and 22%
respiratory, and nearly half (42%) occurred during a computed tomography scan. Most RD-MET
calls were made between 10 AM and noon. RD-MET patients had a mean age of 61 (SD, 19)
years; 52% were female, and 89% were white. Admitting diagnoses were most commonly
neurological (20%), cardiovascular (16%), and abdominal (16%). The most common comorbid
conditions were chronic obstructive pulmonary disease (23%) and diabetes (20%). Half of RD-
MET inpatients were from a general care unit, and 56% required preexisting oxygen support.
After RD-MET involvement, 61% of patients required a higher level of care; 3% died during the
MET intervention, and 19% died later in hospitalization. Patients with preexisting comorbid
conditions were more likely to have poor outcomes after the RD-MET intervention (P = .001).
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Conclusions—RD-MET patients with comorbid conditions, from a general care unit, and at risk
for neurological deterioration arrive in the radiology department with potentially underestimated
support needs. Greater support in specific time frames and locations may be warranted to improve
outcomes.

Hospitalized patients who require diagnostic testing and procedures in the radiology
department range from “stable” patients admitted for elective surgery to highly unstable
critically ill patients who require a high level of human and technological monitoring and
physiological support, including mechanical ventilation and hemodynamic support. Patients
may be at risk for cardiopulmonary instability while undergoing diagnostic testing, and in
some, that instability may progress to cardiorespiratory collapse. When instability occurs,
one rescue intervention involves activation of a medical emergency team (MET) to bring a
team of critical care providers to the imaging site. Although published reports describing
MET activations and outcomes on clinical units within the hospital are fairly extensive,1-3

little is known about MET activations in diagnostic testing areas such as the radiology
department. More information about the precursors of such events could lead to earlier
detection of cardiopulmonary instability and improved outcomes in patients who require
activation of the MET in the radiology department (RD-MET), inform interventions to
prevent the need for RD-MET activation, and alter systems of care in the radiology
department.

Rapid response to patients’ instability has driven the establishment of METs, whose goal is
to bring a cadre of critical care providers to the bedsides of patients in unstable condition
outside of the intensive care unit (ICU). Once cardiopulmonary instability is recognized, the
MET provides a rapidly available secondary system of ICU level support to all units
throughout the hospital. MET systems usually provide hospital staff with a preset list of
criteria to serve as “triggers” to initiate a MET call, and staff are both educated and
encouraged to use this resource.4,5 The success of the MET is dependent on early
recognition of deterioration in a patient’s condition, rapid response by the bedside providers,
and aggressive intervention to stabilize and rescue patients to prevent further deterioration in
their condition.1,2

The onset of cardiopulmonary instability is rarely acute, but shows a cyclic pattern
of change.

Early detection of deterioration in patients’ condition is key to successful intervention and
may prevent complications.6,7 The onset of cardiopulmonary instability is rarely acute, but
demonstrates a cyclic pattern of change with patients’ heart rate, blood pressure, respiratory
rate, and oxygen saturation moving above and below accepted parameters, sometimes for
hours before deterioration in their condition is acknowledged.

Clinical antecedents to patients’ cardiopulmonary instability have been detected 6 to 8 hours
before recognized cardiorespiratory collapse.8,9 Owing to the cyclic pattern of these
dynamic variables, cardiopulmonary instability may be missed by the intermittent clinical
evaluation that may occur in the radiology department. Additionally, research has shown
that patients being cared for in areas where the direct care providers are not specifically
trained for their care requirements and diagnosis may be at greater risk for unrecognized
cardiopulmonary instability and the need for MET activation.3 This situation often may
occur in the radiology department, when patients at various levels of acuity receive care
from staff members who are not familiar with their prior care needs, stability level, or
particular diagnosis.

The purpose of this pilot study was to describe the reasons for RD-MET activation for
hospitalized inpatients, the temporal attributes of RD-MET involvement, the characteristics
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of inpatients who experience RD-MET interventions, and the characteristics associated with
outcomes after RD-MET activation.

Methods
This retrospective pilot study included all RD-MET activations for patients age 18 years and
older between January 1 and December 31, 2009, at the University of Pittsburgh Medical
Center Presbyterian Hospital in Pittsburgh, Pennsylvania, an urban tertiary care center with
a well-established MET system. Patients who experienced a MET activation while in transit
to or from the radiology department were excluded from the study, as were RD-MET
activations for outpatients (eg, ambulatory test). This descriptive study was conducted with
the approval and oversight of the institution’s Total Quality Council as a quality
improvement initiative for the radiology department. All 64 inpatients who experienced an
RD-MET intervention in 2009 were reviewed. Patients’ records were identified through the
Medical Emergency Response Improvement Team database, which identifies all MET
events occurring in the hospital. Patients were classified as having a poor outcome after RD-
MET if they required a higher level of care after RD-MET intervention or did not survive to
discharge. Higher level of care was indicated by 1 or more of 4 factors: increased respiratory
support, increased level of cardiac support, necessity of an emergent procedure, or transfer
to a higher acuity patient care unit.

MET Trigger Criteria
The radiology department uses the same MET trigger criteria as used in the general hospital
units (Table 1) to respond to patients’ cardiopulmonary instability. Any nurse, physician,
patient, or visitor can call for the MET by dialing a predetermined, well-publicized number.

Data Collection and Variables of Interest
Patients’ demographics and event details for all RD-METs were extracted from the
electronic medical records, which included the reason for the RD-MET call, time and day of
week, patients’ characteristics before the event:

• codes for the admitting diagnosis from the International Classification of Diseases,
Ninth Revision (ICD-9)

• Charlson comorbidity index (CCI)

• unit of origin (unit from which patient was sent to radiology)

• radiology technique

• oxygen requirements and patients’ outcomes after the RD-MET intervention:

• requiring a higher level of care

• survival to discharge.

For all patients who did not survive to discharge, the date and time of death were obtained.
Information to calculate CCI scores was obtained by reviewing the electronic medical
records.

ICD-9 codes that were not recorded in the electronic medical record were determined by
cross-checking the documented admitting diagnosis with the ICD-9 code book.10 Admitting
diagnoses, obtained from the physician’s admission clinical note, were considered primary
or secondary according to the order they appeared in the patient’s record. All charts were
reviewed by the first author (L.K.O.).
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Statistics
Statistical analysis was done by using SPSS version 17 (SPSS Inc, Chicago, Illinois).
Missing data fields were not replaced. Continuous variables were reported as mean with
standard deviation, and comparisons were made by using a Student t test or Mann Whitney
test as appropriate. The same conclusions were drawn from the Student t test and Mann
Whitney test; therefore the results of the Student t test were reported. Categorical variables
were reported as frequencies with percentages, and comparisons were made by using χ2

tests and the Fisher exact test. Age was calculated as the patient’s age when the RD-MET
was activated. Admitting ICD-9 codes were categorized into 11 related categories
representing primary diagnosis. CCI scores were reported as individual item scores and a
total score.

Units of origin were categorized as general care units, step-down units, and ICUs. Reasons
for RD-MET activation were categorized as neurological, cardiac, or respiratory. Time of
day was categorized by 2-hour increments for analysis. All tests were 2-sided, and P values
less than .05 were considered statistically significant.

Results
The RD-MET was activated 65 times from January 1 through December 31, 2009, involving
64 different patients. One patient experienced 2 RD-MET calls on the same day for the same
reason; therefore this patient was included in the analysis once, resulting in a study sample
of 64 patients. Hospitalized patients had the RD-MET activated for the following reasons:
neurological (39%), cardiac (38%), and respiratory (22%). Temporally, RD-MET calls were
most likely to occur between 10 AM and noon (see Figure, part A). RD-MET calls were
more likely to be made on Wednesday (25%), followed by Friday (16%) and Tuesday (14%;
see Figure, part B).

Overall, the inpatients who experienced RD-MET had a mean age of 61 years (Table 2) and
were white (the percentage of white patients in the sample was consistent with local
population demographics). The most common admitting diagnoses were neurological (20%),
cardiovascular (16%), abdominal (16%), and respiratory (14%). The total CCI score had a
mean of 4.6 (SD, 2.8) with a range of 0 to 11. The most common comorbid conditions were
chronic obstructive pulmonary disease (23%), diabetes mellitus without complications
(20%), and congestive heart failure (19%).

RD-MET calls were most likely to occur during computed tomography (CT), followed by
magnetic resonance imaging and interventional radiology. The most common units of origin
for patients experiencing an RD-MET intervention were the general care units followed by
the ICU and the step-down units. Most patients required respiratory support before the RD-
MET was called; nasal cannula was the most common oxygen delivery system.

After the RD-MET intervention, almost two-thirds of patients required a higher level of
care; increased respiratory support was the most common reason (Table 3). Although only 2
patients (3%) died during the RD-MET intervention, nearly one-quarter (22%) of the RD-
MET patients did not survive to discharge.

Two-thirds (67%) of RD-MET patients (n = 43) experienced a poor outcome (Table 4).
Patients with good versus poor outcomes did not differ significantly in age, sex, admitting
diagnosis, radiology technique used, unit of origin, prior oxygen support, or the reason that
the RD-MET was activated. However, patients who experienced poor outcomes were more
likely to have pre-existing comorbid conditions, according to the CCI total score.
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Discussion
Inpatients sometimes experience instability that requires MET activation when away from
their hospital units. Studies to date of METs and the patients experiencing cardiopulmonary
instability who require MET intervention have been conducted on medical and surgical
inpatients.2,3 We are the first to describe cardiopulmonary instability among patients in the
radiology department, and interestingly RD-MET activations vary in some ways from MET
activations on inpatient care units.

The most important finding of our pilot study is that the reasons for deterioration in a
patient’s condition that warrants an RD-MET activation are most commonly of a
neurological origin, including changes in level of consciousness and seizures. This finding is
in contrast to reports of hypoxia and respiratory symptoms as the most common causes of
instability on inpatient units.11,12 Perhaps patients in the radiology department are at greater
risk for neurological deterioration, and as Downey et al13 suggest, clinicians may be less
astute at recognizing acute changes in consciousness than they are at recognizing changes in
other physiological parameters. We also found that 60% of the patients with a neurological
reason for RD-MET activation experienced a poor outcome. We did not collect data on
procedural sedation or the documentation of level of consciousness before transport to the
radiology department, but gathering this more detailed information in the future may be
helpful in explaining this finding.

The third most common reason for RD-MET activation was respiratory problems (22%),
and 71% of these patients experienced poor outcomes. Given that more than half (56%) of
patients arrive in the radiology department with supplemental oxygen support, and 23%
have chronic obstructive pulmonary disease as a pre-existing comorbid condition, it is not
surprising that respiratory deterioration occurs this often. Again, gathering information on
sedation before the procedure may lend insight into this finding.

The CCI was chosen to measure comorbidity burden in the sample because the CCI has
demonstrated excellent discrimination of in-hospital mortality with an area under the
receiver operating characteristic curve of 0.86 to 0.87.14 The CCI has been validated in
various populations of patients15,16 and across different hospital systems
internationally14-17; CCI score is a consistent predictor of 1-year mortality and in-hospital
mortality. The CCI total scores for this RD-MET sample are high (50% of CCI scores ≥5)
compared with CCI total scores reported in other instability studies that featured patients in
general care areas (Hravnak et al,9 8.9% CI ≥4; Capelastegui et al,18 12.5% CCI ≥3; Chin et
al,19 20% CCI ≥4). CCI total scores of 5 of higher have been associated with high mortality
and complications related to comorbid conditions in hospitalized patients.19,20

This information, along with the high prevalence of oxygen support required by our RD-
MET patients, suggests that these patients are compromised at baseline and may require
more frequent or sensitive neurological and respiratory assessment and monitoring than may
be the current standard of care in the radiology department. Further inquiry is needed to
examine the assessment of patients before transfer to the radiology department and the
decision making involved in determining staffing needs for surveillance of patients while in
the radiology department.

Another interesting finding is that the RD-MET was activated most commonly in the middle
of the week and during the late morning hours. In the inpatient setting, temporal patterns of
recognition of patients’ instability peak during the times of increased patient care activity
and encounters with caregivers,3,9 such as during morning/evening care and the early shift
assessment between 6 AM and 8 AM. One reason for this may be that caregivers tend to be
more likely to recognize instability when they are in a face-to-face encounter with the

Ott et al. Page 5

Am J Crit Care. Author manuscript; available in PMC 2013 May 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



patient during prescheduled bedside visits. Our finding of peak RD-MET activity between
10 AM and noon may suggest that those patients recognized as unstable earlier in the
morning on the general care unit are being sent for diagnostic testing several hours later.
Another possible explanation is that the midmorning hours represent peak volume for both
inpatient and outpatient evaluation in the radiology department, and perhaps fewer staff are
available for surveillance of patients. The increase in RD-MET activity again in the evening
hours may reflect a similar pattern of recognition of instability in the general care unit
followed by diagnostic testing later, and lower off-shift staffing patterns in the radiology
department.

Because RD-MET activation occurred most during computed tomography, nurses
should consider increasing vigilance during this time.

Interestingly, most RD-MET events occurred in patients who were sent from the general
care unit (50%), and not from the ICU (36%) or from step-down units (14%). This may
suggest that patients from ICUs and step-down units are expected to be unstable and are
therefore accompanied to the radiology department by a nurse and, if undergoing
mechanical ventilation, a respiratory therapist as well. “Stable” patients in the general care
unit whose condition is not expected to deteriorate may not be observed as closely in the
radiology department. Although 1-to-1 nurse-to-patient ratios for all patients in the
radiology department is not feasible, further study is needed to develop models to predict
which of these “stable” patients are at higher risk of development of instability in the
radiology department and warrant closer human and technological observation.

Sixty-one percent of RD-MET patients required some higher level of care after the RD-MET
intervention, suggesting that patients may be transferred to the radiology department without
a sufficient needs assessment before transfer, leading to further deterioration in their
condition while they are away from their units. Further study is needed to evaluate in more
detail the characteristics of patients before transfer to the radiology department, the level of
monitoring and nursing surveillance provided for patients while in the radiology department,
and how these factors may affect patients’ outcomes.

RD-MET activation occurred most often during CT scanning (42%), with most of those
patients (74%) having poor outcomes. This finding might be due to the use of CT as a
diagnostic tool for evaluation of unstable inpatients, in particular those undergoing
neurological imaging. Of the 2 patients who died during the RD-MET intervention, both
were undergoing CT. CT scanning—a study that is noninvasive and of relatively short
duration—is the diagnostic option of choice for unstable patients with suspected pulmonary
emboli and stroke.21-25 Nevertheless, the CT procedure requires moving patients to the
scanner table, the potential for dislodging catheters and tubes as the scanner table moves
during the procedure, and compromise of ventilation because the patient remains supine
(often with arms overhead). Additionally, staff remain outside the room during the test.
Depending on the layout of the scanning suite, which can vary between institutions,
visibility of the patient may also be limited during scanning. Although further study is
needed to determine why MET calls occurred more often for patients during CT scanning,
nurses should consider increasing vigilance for patients undergoing CT.

Although RD-MET occurred less often in patients undergoing interventional radiology
(14%), poor outcomes for these patients were common (89%). Although the nurse to patient
ratio is usually 1-to-1 during the procedure, the invasive nature of the interventional
radiology procedures and the high acuity of these patients may explain this finding.

RD-MET patients experienced an overall mortality rate after RD-MET intervention (22%)
that is higher than that reported in prior studies of MET activations.3,26 This finding may
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reflect the higher acuity of patients in the radiology department and increased risk for
patients outside of their usual care area. This further suggests the need for improved
assessment of patients’ needs before transferring patients to the radiology department to
ensure the proper continuity of care while patients are away from their units of origin.

Limitations
This pilot study had several limitations. Performing the study at only 1 urban tertiary care
center that has a well-established MET system may limit the generalizability of these
findings to the inpatient populations seen by other radiology departments. The 1-year review
has a limited sample size, and a larger sample may provide different findings. Physiological
parameters and the details of patient care provided before transfer of the patient to the
radiology department and during the visit to the radiology department (with the exception of
supplemental oxygen support) were not collected. The retrospective nature of the pilot study
required collection of data from a variety of existing data sources. We recognize that clinical
data sources, such as the medical record, are not designed for research purposes, and missing
or inconsistently recorded data may introduce threats to validity. Nevertheless, such pilot
work is necessary in order to justify prospective studies in this area. Finally, more
information about the level of surveillance and nursing characteristics would provide more
insight into the reason that the RD-MET was activated.

Conclusion
RD-MET patients arrive in the radiology department with potentially underestimated
support needs. Inpatients who are at risk for neurological, cardiovascular, and respiratory
deterioration and experience an RD-MET intervention are likely to require a higher level of
care. This pilot study provides information supporting the need for further study to increase
understanding of the reasons for deterioration in patients’ condition while in the radiology
department, and how systems of care might be improved to improve detection and support
of patients in unstable condition before a MET call, including but not limited to the
education, experience, training, and availability of staff in the radiology department.27
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Figure.
Temporal relationship between activations of the medical emergency team in the radiology
department and time of day (A) and day of week (B) when team was activated.
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Table 1

Criteria for calling the University of Pittsburgh Medical Center’s medical emergency team during the study
perioda

Respiratory

Rate <8/min or >36/min

New onset of difficult breathing

New pulse oximeter reading <85% for >5 min without known chronic hypoxia

New oxygen requirement to keep SpO2 >85%

Cardiovascular

Heart rate <40/min or >140/min with new symptoms or any rate >160/min

Blood pressure <80 mm Hg or >200 mm Hg systolic or 110 mm Hg diastolic with symptoms (neurological changes, angina, dyspnea)

Acute neurological change

Acute loss of consciousness

New onset of lethargy

Sudden collapse

Seizure (outside of seizure monitor unit)

Sudden loss of movement or weakness in the face, arm, or leg

Other

>1 stat page required to assemble team needed to respond to a crisis Patient complaint of chest pain (unresponsive to nitroglycerine or physician
unavailable)

Color change (patient or extremity): pale, dusky, gray, or blue

Unexplained agitation of >10 min

Use of naloxone without immediate response

Suicide attempt

Uncontrolled bleeding

Bleeding into airway

Large acute blood loss

Crash cart must be used for rapid delivery of medications

a
Based on data from DeVita et al.1
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Table 2

Characteristics of 64 inpatients who required activation of the medical emergency team in the radiology
department

Characteristic Valuea

Age, y

 Mean (SD) 61 (19)

 Median 62.2

 Range 18.12-87.44

Female sex 33 (52)

White race 57 (89)

Primary admitting diagnosis

 Neurological problem 13 (20)

 Abdominal problem 10 (16)

 Cardiovascular problem 10 (16)

 Respiratory problem 9 (14)

 Infection 5 (8)

 Peripheral vascular problem 5 (8)

 Trauma 4 (6)

 Cancer 3 (5)

 Diabetes 2 (3)

 Psychiatric problem 2 (3)

 Skeletomuscular problem 1 (2)

Charlson Comorbidity Index

 Mean (SD) 4.6 (2.8)

 Median 4.5

 Range 0-11

 Total score

  0 6 (9)

  1 4 (6)

  2 6 (9)

  3 6 (9)

  4 10 (15.6)

  ≥5 32 (50)

Radiology technique used

 Computed tomography 27 (42)

 Magnetic resonance imaging 16 (25)

 Interventional radiology 9 (14)

 General radiography 9 (9)

 Nuclear medicine 3 (5)

 Peripheral vascular 1 (2)
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Characteristic Valuea

 Fluoroscopy 1 (2)

 Ultrasound 1 (2)

Respiratory support before team called 36 (56)

 Nasal cannula 21 (33)

 Oxygen mask 9 (14)

 Mechanical ventilation 6 (9)

a
Values are No. (%) of patients unless otherwise indicated.
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Table 3

Outcomes of 64 inpatients after activation of the medical emergency team in the radiology department

Outcome No. (%)

Higher level of care 39 (61)

 Respiratory support 23 (36)

 Immediate transfer to higher care unit 18 (28)

 Cardiac support 14 (22)

 Procedure 13 (20)

Died during or after team activated during hospitalization 14 (22)

Died during medical emergency team episode 2 (3)
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