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Early in-hospital clinical deterioration is not
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Background: Prior studies concentrated on unplanned intensive care unit (ICU) transfer to
gauge deterioration occurring shortly following hospital admission. However, examining only
ICU transfers is not ideal since patients could stabilize with treatment, refuse ICU admission,
or not require ICU evaluation. To further explore etiologies of early clinical deterioration, we
used rapid response team (RRT) activation within 48 hours of admission as an index of early
clinical worsening.

Methods: A retrospective analysis of prospectively gathered admissions from the emergency
department in an academic medical center was done. Data were reviewed independently by two
physicians. We assessed severity of illness, functional status, comorbidity, the frequency of ICU
and palliative care consultations, and changes in advance health care directives.

Results: Of 655 rapid responses (RRs) within the study period, 24.6% occurred within 48 hours
of admission. Disease trajectory was the most frequent perceived reason for RRs (55.6% and
58.9%, reviewer 1 and 2, respectively) followed by medical error (15.6% and 15.2%). Acute
physiology and chronic health evaluation II (APACHE-II) and modified early warning scores
(MEWS) were higher at the time of RR compared to admission (p<0.0001). However, admission
APACHE-II, MEWS, functional status, and comorbidity scores did not predict early RRs. One
third of RRs resulted in ICU consultation and 95% were accepted. Palliative care consults were
requested for 15%, the majority (65%) after RR and all resulting in advance directive change.
Conclusion: Disease trajectory accounted for most clinical deterioration and medical error
contributed to 15%. Our data suggest that it is difficult to predict early clinical deterioration as
none of the measured parameters were associated with RRT activation.

Keywords: clinical deterioration, rapid response team, hospital admission, triage, medical

error, palliative care

Introduction

Clinical deterioration occurring shortly following hospital admission occurs frequently
despite patients undergoing multiple evaluations by several health care profession-
als. Hypothetically, given the number of evaluations that a patient undergoes upon
admission, clinical deterioration soon after hospitalization should hardly take place.
Realistically, disease progression or response to treatment is not predictable. Even so,
early deterioration could represent deficiencies in care and understanding the reasons
for early deterioration could improve patient care. Accordingly, prior studies sought to
clarify reasons for early clinical deterioration by assessing transfer to an intensive care
unit (ICU), the so-called unplanned transfer.'”” However, to improve care, it is impor-
tant to fully understand any potentially preventable errors. Examining ICU transfers
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occurring soon after admission provides a glimpse of events
occurring in the wards, as it ignores those who had a critical
care consult but were denied ICU admission and those who
deteriorated and improved following treatment. Indeed, in a
previous study we prospectively assessed all ICU consults
requested within 48 hours of admission to determine factors
associated with early deterioration.® However, our prior study,
as well as those of others, cannot account for patients who
experienced an adverse event and on whom an ICU consult
was not requested. More importantly, prior studies did not
evaluate early deterioration in the present-day context of the
rapid response team (RRT).

Over the past decade, the RRT has become an integral
component in many hospitals. This team is activated for
multiple reasons, any of which may suggest clinical dete-
rioration. The goal of the RRT is to stabilize the patient,
avoid further deterioration, and, if need be, transfer the care
to a more monitored setting such as an ICU. Indeed, RRTs
have become such an integral aspect of inpatient care that
their activation precedes ICU evaluation and transfer.”!
Consequently, to better clarify reasons for early clinical
deteriorations, we assessed all rapid responses (RRs) within
48 hours of hospital admission from the emergency depart-
ment (ED). We determined the reasons for RRT activation
and examined whether factors such as severity of illness, the
number of comorbidities, or functional status could predict
early deterioration and RRT activation. Finally, we assessed
those transferred to an ICU following evaluation by a criti-
cal care team, the presence of advance directives, and the
outcome of these patients.

Methods
We conducted this study in a 600-bed US-based academic
tertiary hospital in the New York city metropolitan area. The
hospital is neither a trauma nor burn center. It has medical
intensive care units (MICUs), surgical intensive care units
(SICUs), and coronary intensive care units. Since ours is a
teaching medical center, all admit decisions are made by
residents following review with an attending physician. ED
physicians can admit directly to a medical service, but require
a surgical consult prior to admitting to any of the surgical ser-
vices. ED physicians also require critical care consultations if
they believe that a patient should be admitted directly to any
of the ICUs. Should the patient be denied admission by the
critical care team, the patient will be admitted to the ward.
We examined all RTTs requested in the wards for patients
admitted through the ED. The RRT comprises a senior medi-
cal resident, an ICU nurse, and a respiratory therapist, and

is activated by any health care provider or family member.
The RRT is independent from the ICU consultation service.
Since we studied only those admitted by ED physicians to a
ward service, be it a medical or surgical ward, we excluded
patients who were transferred from another hospital and
those who were admitted directly to an ICU from the ED.
The project was approved by the North Shore-Long Island
Jewish Institutional Review Board, which waived the need
for informed consent because this project entailed only data
extraction from charts. The study team was trained in main-
taining privacy and confidentiality in research. Furthermore,
no personal identifiable data were recorded or collected. Data
were collected for 9 consecutive months.

We determined whether critical care and palliative care
consultations followed RRs and whether advance directives
were in place prior to or following the RR. We also determined
whether residents or physician assistants (PA) provided care
for the patients and whether the RRs occurred during the day
(0700 to 1900 hours) or night (1900 to 0700 hours) nursing
shifts. Severity of illness was assessed by the acute physiol-
ogy and chronic health evaluation II (APACHE-II) score and
the modified early warning score (MEWS), which has been
useful in reducing in-hospital mortality and cardiac arrest.!! !
We determined whether there were differences in APACHE-II
scores and MEWS at admission compared to RR time.

We used the modified Elixhauser score to determine
whether the patient’s comorbidity burden was associated
with early RRs. The modified Rankin scale (MRS) was used
to assess patients’ prehospital functional status in terms of
disability and dependence. MRS scores range from 0 to 5,
with 0 indicating a fully functional person to 5 denoting
severe disability.!41¢

Two intensivists referred to as reviewer 1 and reviewer
2 conducted independent chart reviews of RRs occurring
within 48 hours of hospital admission. Reviewers considered
the following categories in determining the primary reason
for RRT activations.

1. Triage error —admitting a patient to the ward when in fact
the ICU was more appropriate (eg, a hypotensive patient
is admitted to the ward).

2. Disease trajectory — clinical deterioration secondary to
progression of the admitting diagnosis despite appropriate
medical management (eg, a patient admitted for seizures
who then develops status epilepticus while on treatment).

3. latrogenic complication — adverse effect of a medical
intervention (eg, a patient develops anaphylaxis to a drug
that was not known to be an allergen).
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4. Medical error —error in diagnosis or disease management,
including untimely or inadequately addressed abnormal
laboratory values or vital signs resulting in clinical
deterioration.

5. Unrelated — an event unrelated to the admitting diagnosis
(eg, a patient admitted for pneumonia has a mechanical
fall).

Statistical analysis

Descriptive data are reported as mean * standard deviation
(SD) or median (q1, q3), as appropriate. Gwet’s AC1 was used
to measure agreement between reviewers’ perceived reasons
for RR calls. Associations between categorical variables were
tested using Fisher’s exact test. In tables larger than 2 rows
by 2 columns, the cell chi-square was used to identify cells
with the largest contribution to the overall significant result.
Multiple testing was adjusted with a Bonferroni correction.
Differences between or among groups were compared using
the two-sample Student’s #-test, the Mann—Whitney test, or
Kruskall-Wallis test, as appropriate. The paired #-test, or the
Wilcoxon signed rank test, as appropriate was used to deter-
mine change in scores from admission to post-admission.
Spearman’s correlation was used to evaluate the relationship
between continuous or ordinal data. Findings were considered
significant if p<0.05. The data analysis for the bulk of this
paper was generated using SAS/STAT version 9.4 (SAS Insti-
tute Inc, Cary, NC, USA); Gwet’s AC1 and the percentage
agreement were calculated using AgreeStat version 2011.3
(Advanced Analytics, Gaithersburg, MD, USA).

Results
Characteristics of RRs

There were 13,325 admissions from the ED to the wards
during the study period. The RRT was activated 655 times,

with 24.6% (161) occurring within 48 hours of admission.
Patients’ age was 64120 years and 65% were female. Twenty
percent (33/161) of RRs occurred within 12 hours follow-
ing admission, 29.8% (48/161) occurred between 12 and 24
hours, and 49.7% (80/161) occurred between 24:01 and 48
hours following ward admission. Fifty-five percent (88/161)
of RRs occurred during the day shift.

Figure 1 illustrates causes for RRT activation. The three
most frequent medical reasons were neurologic instability
45.3% (73/161), hemodynamic or cardiac instability 23%
(37/161), and respiratory instability 18.6% (30/161). Eighty-
eight percent (142/161) of patients with RRs within 48 hours
of admission were discharged from the hospital while 9%
(15/161) expired. Of the 15 patients who expired, 12 had
been admitted to the MICU, of whom five were intubated
during the RR.

All charts were accessible to reviewers, except for one.
The most frequent reason for early RR was disease trajectory
(reviewer 1: 56% [89/160]; reviewer 2: 58% [93/160]) fol-
lowed by medical error (reviewer 1: 16% [25/160]; reviewer
2: 15% [24/160]). An iatrogenic complication accounted for
11% (18/160) and 15% (24/160) of early RRs as determined
by reviewer 1 and reviewer 2, respectively. Triage error was
perceived to account for only 5% (8/160) by reviewer 1 and
6% (10/160) by reviewer 2. Triage error was responsible
for only 5% of RRs and was associated with RRs occurring
<12 hours from admission (p=0.05) (Table 1). There was
substantial agreement between both reviewers (inter-rater
reliability coefficient 0.62).

Critical care consultations

Most patients (108/161 or 67%) remained in the ward.
Slightly over a third of RRs (36% [59/161]) led to a critical
care consultation. Most critical care consults were to the
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Figure | Reasons for rapid response team activation within 48 hours of hospital admission.
Note: The most common reasons were neurologic instability, hemodynamic/cardiac instability, and respiratory instability.
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MICU 80% (47/59), 12% (7/59) to the CCU, and 8% (5/59)
to the SICU. Most patients (95%) were accepted by a critical
care unit, with 96% (45/47) admitted to the MICU, 80% (4/5)
to the SICU, and 100% (7/7) to the CCU. Severity of illness
and disability and Elixhauser scores for those admitted or
rejected from an ICU are illustrated in Table 2.

We observed that most MICU consultations followed RRT
activation. Indeed, of the patients accepted by an ICU, only
15% (9/59) were evaluated by the MICU prior to the RR and
all had been denied admission on initial consultation. Of those
that were admitted to the MICU (45 patients), 12 expired,
including three who consented to do-not-resuscitate (“DNR”)
following MICU transfer. Perceived reasons (ie, triage error,
disease trajectory, iatrogenic, medical error) leading to RR
were not associated with MICU acceptance or denial.

Multiple RRT activations

Three patients had multiple RRs within 48 hours of admission.
A 68-year-old male admitted with gastrointestinal bleeding had
three RRs for seizure and hypotension. Palliative care consulta-
tion followed the first RR; however, he remained “full code”
and expired in the MICU. A 90-year-old male with conges-
tive heart failure had two RRs for acute respiratory distress.
MICU denied admission due to poor prognosis and the patient
consented to “DNR” and comfort care after meeting with the
palliative care team. A 96-year-old female who underwent hip
fracture repair had an RR called for lethargy. A second RR was
called for a hemoglobin of 4 g/dL due to a hematoma. She was

Table | Association between perceived reason for rapid
response team activation and timing of such activation admission

Reason for rapid
response team

Rapid response time from
hospital admission

activation <12 hours 12-24 hours  24-48 hours
Triage error 6 (18.8%) 2 (4.2%) 2 (2.6%)
Disease trajectory 20 (62.5%) 24 (50%) 49 (62.8%)
latrogenic 2 (6.3%) 8 (16.7%) 14 (18.0%)
Medical error 3 (9.4%) 10 (20.8%) 11 (14.1%)
Others 1 (3.1%) 4 (8.3%) 2 (2.6%)

Note: Only triage error was associated with activation within <I2 hours from
admission; Fisher’s exact test, p=0.05.

transferred to the SICU and subsequently discharged from the
hospital. Palliative care was not consulted.

Timing of RRT activation

Time of RR following hospital admission was associated with
MICU acceptance or denial (p=0.04). MICU acceptance was
higher in RRs occurring <12 hours from admission (24.4%)
and between 24:01 and 48 hours (51.1%) compared to rejec-
tion in these two groups (14.3% and 14.3%, respectively). On
the other hand, rejection (71.4%) was higher than acceptance
(24.4%) for RRs occurring between 12 and 24 hours.

Palliative care

Palliative care consultations were requested in only 14%
(22/161) of patients, the majority following RR (15/22) and
all resulted in advance directive change from “full code” to
“DNR”. Of the 15 patients who expired, six had their advance
directives changed to “DNR”. Of the 6 patients with changes
to “DNR” status, palliative care was consulted in only 2 cases
before the RR. In the remaining four patients, palliative care
consultation followed the RR.

Covering service

Residents and PAs cared for 63% and 37% of the patients,
respectively. APACHE-II scores did not differ by covering
service (p=0.07); 12.2 (SD 7.1) in resident-covered patients
versus 10.2 (SD 4.9) in PA-covered patients. Covering service
was not associated with any perceived reason for RR (eg,
medical error) (reviewers 1 or 2; p=0.75 and 0.54, respec-
tively) or medical reasons for RRT activation (eg, neurologic
instability, respiratory emergency). Covering service was
not associated with code status change (p=0.08). Full code
to DNR status change was 4.1% under resident service and
12.5% under PA service; however, this was not significant.

Functional status

Patients’ functional status, as assessed by the MRS, was not
different based on the time of early RR. Patients with RR
<12 hours had a mean MRS of 2.3; between 12 and 24 hours,
MRS of 1.9; and between 24:01 and 48 hours, MRS of 2.2.

Table 2 Comparison between severity of illness (APACHE-II and MEWS) and comorbidity (Elixhauser) scores in patients accepted or

rejected from an ICU

APACHE-II at MEWS at Elixhauser at APACHE-II at RR MEWS at RR
admission admission admission
ICU accepted 12.62 (+6.86) 2.5 (£1.49) 10.09 (+8.82) 20.39 (£8.25) 5.13 (£2.54)
ICU rejected 14 (£6.11) 3 (x1.91) 11 (£8.72) 18.71 (£7.54) 4.29 (£2.75)

Note: There were no differences between those accepted or rejected.

Abbreviations: APACHE-II, acute physiology and chronic health evaluation Il; MEWS, modified early warning score; RR, rapid response; ICU, intensive care unit.

submit your manuscript

332

Dove

International Journal of General Medicine 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Early in-hospital clinical deterioration

Moreover, functional status did not play a role in acceptance
or denial to MICU.

Severity of illness

APACHE-II and MEWS scores increased at the time of RR
when compared to hospital admission (p<0.0001). This indi-
cates that patients had deteriorated. However, the APACHE-
IT score at RRT activation was associated with neither an
increased likelihood of ICU consultation nor ICU acceptance.
Similarly, MEWS was not associated with MICU acceptance
or denial; MEWS scores for accepted and rejected patients
were 5.1 and 4.3, respectively (p=0.56).

APACHE-II and MEWS scores at the time of admission
did not differ with regard to RR timing (p=0.18 and 0.28,
respectively). The APACHE-II and MEWS median scores
were 10.5 and 2.0 for RRs occurring <12 hours since admis-
sion; 12.5 and 2.0 for RRs from 12 to 24 hours; and 10.0 and
1.0 for RRs between 24 and 48 hours.

Comorbidity

There were no associations between Elixhauser scores, an
index of comorbidity burden, and the timing of RRs or MICU
acceptance or rejection.

Discussion

Using RRT activation as an indicator of early clinical dete-
rioration, we found that a quarter of all RRs occurred within
48 hours of hospital admission. Had we examined only ICU
transfers, we would have missed most early deteriorations as
108/161 (67%) remained in the ward. RRT activation resulted
in a critical care consult in 36% of patients, and the majority
(95%) were accepted. Nevertheless, when we examine early
RRT activation, we note that it occurred 161 times in over
13,000 admissions, or 1.2%.

The most commonly perceived reason for RRT activa-
tion, and hence clinical deterioration, was disease trajectory.
Medical error and iatrogenic complication each accounted
for ~15% of RRs, which represents an undeniable need
for improvement. Triage error played a minor role in RRT
activation and was mostly associated with RRs taking place
within 12 hours of admission. This seems logical since
a true triage error would become apparent earlier in the
hospital course.

Our results demonstrate that it is difficult to determine
a priori who is at higher risk for early clinical deterioration,
since none of the scores we examined at the time of hospital
admission, APACHE-II, MEWS, MRS, and Elixhauser,
were associated with an increased likelihood for early RRT

activation. Illness severity scores did indeed worsen at the
time of the RRT activation when compared to those compiled
at admission indicating that the patients’ clinical status had
indeed deteriorated.

Our data show that only 15% of those admitted to an
ICU had a critical care consult prior to RR, suggesting that
for most patients, neither the ED physician nor the admit-
ting team felt that an ICU consult was necessary. When we
examined the data more closely, we found that ICU denial
(71.4%) was significantly higher than acceptance (24.4%)
only when the RR occurred between 12 and 24 hours of
admission. The reasons for this are not entirely clear and
it may be that medical management was already underway
or the ICU consult was cautionary in nature. Additionally,
due to the scarcity of critical care resources, the approach
of initial denial of ICU admission followed by reevaluation
of the patient’s condition after therapeutic measures is often
practiced. For example, reassessing a hypotensive patient’s
response to fluid administration or a hypercapnic patient’s
response to noninvasive ventilation may lead to clinical
improvement and subsequent ICU denial.

Palliative care consults were requested in 14% of all
early RRs with the majority following the RR. Our data
suggest that palliative care is underutilized in early hospi-
talization. All palliative care consultations requested fol-
lowing the RR resulted in a change of advance health care
directives from full code to DNR status. This implies that
some RRs could have been prevented had the goals of care
been addressed earlier. Alternatively, an acute deterioration
may compel patients and families to come to terms with
the poor prognosis and become more accepting of comfort
care measures.

Prior studies showed that the care delivered by mid-level
practitioners was comparable to that provided by residents."’
Our data further reinforce these findings. The covering ser-
vice did not play a role in either the activation of the RRT
or the timing of the RR. Further, we found no difference in
hospital course or change in advance health care directives
when the patient was under resident or PA care.

This study does have limitations. It was a single-center
study, thus limiting its generalizability to other medical cen-
ters. Moreover, we could not evaluate patients in real time
and relied on documentation. Real-time evaluation would
have been logistically very difficult, if not impossible. The
retrospective study design may have shaped the conclusions
of the two reviewers. Nevertheless, the strength and unique-
ness of this study is that by evaluating RRT activation rather
than unplanned ICU transfers, we fully captured and assessed

International Journal of General Medicine 2017:10

submit your manuscript

333

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wang et al

Dove

early clinical deterioration following ward admission. Clearly,
there could have been additional patients who received an
ICU consultant and were either rejected or admitted and
for whom RRT was not activated. However, in a previous
study, we examined just this population and found similar
results.® Indeed, our purpose of examining RRT activation
rather than ICU consults was to more adequately capture
early deterioration. It is also possible that some patients had
a change in code status to DNR, and as such the RRT was not
activated. However, this in no way impacts our conclusion
as DNR patients did not deteriorate per se. Finally, the pos-
sibility exists that as length of stay increases, the chance of
an iatrogenic error also increases. Therefore, it can be argued
that had we studied patients beyond 48 hours, iatrogenic error
may have become prominent. However, the purpose of this
study was to examine early worsening, and we found that
iatrogenic error played a minor role in early deterioration.

We conclude that clinical deterioration occurring within
48 hours of hospitalization was mostly due to disease trajec-
tory and may not be preventable since no factor could predict
early clinical deterioration. Nonetheless, medical error was
responsible for 15% of early RRT activation and presents an
opportunity for improvement. Perhaps, it is this population
that should be pursued to improve care. Finally, palliative care
input is underutilized early in hospital admission.

Disclosure
The authors report no conflicts of interest in this work.
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