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Mortality in Code Blue; can APACHE II and PRISM
scores be used as markers for prognostication?
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ABSTRACT

BACKGROUND: Code blue (CB) is an emergency call system developed to respond to cardiac and respiratory arrest in hospitals.
However, in literature, no scoring system has been reported that can predict mortality in CB procedures. In this study, we aimed to
investigate the effectiveness of estimated APACHE Il and PRISM scores in the prediction of mortality in patients assessed using CB to
retrospectively analyze CB calls.

METHODS: We retrospectively examined | 195 patients who were evaluated by the CB team at our hospital between 2009 and
2013. The demographic data of the patients, diagnosis and relevant de-partments, reasons for CB, cardiopulmonary resuscitation
duration, mortality calculated from the APACHE Il and PRISM scores, and the actual mortality rates were retrospectively record-ed
from CB notification forms and the hospital database.

RESULTS: In all age groups, there was a significant difference between actual mortality rate and the expected mortality rate as estimated
using APACHE Il and PRISM scores in CB calls (p<0.05). The actual mortality rate was significantly lower than the expected mortality.

CONCLUSION: APACHE and PRISM scores with the available parameters will not help predict mortality in CB procedures. There-
fore, novels scoring systems using different parameters are needed.
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INTRODUCTION

Code systems are emergency call and management systems
for rapid response in healthcare institutions. The primary aim
of these systems is to provide common institutional under-
standing about what is necessary to be done immediately at
the time of the event.

Code blue (CB) is used worldwide to define the necessary
emergency interventions in cases of respiratory or cardiac ar-
rest,l' and this was defined in the healthcare quality standards
of Turkey in 2008. It is the only color code in which the same
color is used for the same emergency worldwide.

The CB process includes the establishment of a professional
team, maintaining the alertness of the team, technological call
systems, preparation until the team arrives, the time to ar-

rival of the CB team, availability of equipment, and effective
intervention and post-intervention management and records.
In the last decade, several scoring systems have been used
to assess the severity of disease in the emergency depart-
ment (ED), including Rapid Acute Physiology Score (RAPS),
Rapid Emergency Medicine Score (REMS), Glasgow Coma
Scale (GCS), Charlson co-morbidity index (CCl), modified
Early Warning Score (MEWS), and Worthing physiological
scoring system (WPS). However, the majority of these scor-
ing systems are not appropriate for use in ED because most
are disease specific, and it is difficult to use the systems in
a technical manner or they do not correspond to the ED
patient profile. APACHE Il and PRISM scores (adult and pedi-
atric, respectively) are accepted for both surgical and medical
patients and have been widely used in intensive care units
(ICUs) for the last three decades.”!
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Figure 1. Consort diagram.

The APACHE Il and PRISM scores describe the severity of dis-
ease by using changes in physiological parameters and can be
used to define prognosis of the disease in ICU.®! The APACHE
Il score consists of 12 distinct physiological parameters, age,
and previous health status. In this system, the parameters in-
cluding heart rate, systolic blood pressure, body temperature,
Fraction of inspired oxygen (FiO,) electrolytes (sodium, potas-
sium, and bicarbonate), and white blood cell count are rated
from 0 to 4 (higher scores indicating extreme measurements).
The lowest GCS score is || points, while the highest is 71
points; 6 points are assigned to the patients aged >75 years.
Chronic diseases are also included in the evaluation.

However, to the best of our knowledge, in literature, there
are no scoring systems that have been developed to predict
mortality in CB procedures.

The aim of this study was to investigate the effectiveness of
the estimated APACHE Il and PRISM scores in the predic-
tion of mortality in patients assessed using CB in a 500-bed
regional reference hospital between 2009 and 2013 and to
retrospectively analyze the CB calls.

MATERIALS AND METHODS

Approval for the study was granted by the Clinical Research
Ethics Committee of Health Sciences University, Istanbul
Umraniye Research Hospital (Chairman: Sait Naderi, Profes-
sor, MD.; Approval#5089/2015).

A retrospective review was made of the CB notification
forms completed by an anesthesiologist as a CB team leader
between 2009 and 2013. Demographic data, diagnosis at ad-
mission, department admitted to, time of CB activation, time
to arrival of CB team, reason for CB, data regarding whether
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CB was true or improper, application of cardiopulmonary
resuscitation (CPR), and CPR duration, if applied, were ex-
tracted from the CB notification forms. The APACHE Il and
PRISM scores and the expected mortality rate were calcu-
lated from the data on the CB notification forms and hospital
database. The APACHE Il scoring was used for patients aged
>|8 years, whereas PRISM scoring was used for those aged
<18 years. Patients aged |—12 months were considered under
the age group of | year. A CB call was defined as improper if
no CPR was applied to the patient, only medical treatment
was provided to the patient, or the CB call involved a patient
who was already dead. Patient records were excluded from
the study if treatment was refused or data were incomplete
for the parameters needed to calculate the APACHE Il and
PRISM scores.

Statistical Analysis

All statistical analyses were performed using IBM SPSS ver-
sion 22.0. Kruskal-Wallis test was used to compare descrip-
tive data (means, standard deviation), quantitative data, and

n Number of Code Blue announcements

300 1 274
261/_
250 A
197
200 - 160
143

150 4
100 4

50 4

0
2009 2010 2011 2012 2013
Years

Figure 2. Number of Code Blue announcements according to years.
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Table I. Number of cases, gender, and survival and mortality data according to age groups in true CB calls
<18 years 18-65 years >65 years Total
Number of cases, n (%) 30 (4.6) 238 (36.4) 386 (59) 654
Male, n (%) 18 (4.4) 167 (43.5) 211 (52.1) 405 (61.9)
Female, n (%) 12 (4.8) 62 (25.9) 175 (70.3) 249 (38.07)
Survivor, n 12 95 141 248
Non-survivor, n 18 143 245 406
Survival, % 40.0 399 36.50 37.92
Mortality, % 60.0 60.8 63.47 62.08"
Fisher’s Exact test; ‘p20.05; when three groups were compared. CB: Code Blue.
Table 2. Expected and actual mortality rates according to PRISM and APACHE |l scores
MeanxSD Expected mortality Actual mortality p

PRISM

<18 year 36.7+5.2 87.8% 60% =0.03"
APACHE I

18-65 years 37.2+5.6 84.7% 60.10% <0.05

>65 years 41.3£53 90.6% 63.47% <0.05

Chi Square test; ‘p<0.05; when three groups were compared.

parameters with skewed distribution between the groups.
Mann—-Whitney U-test was used to identify the origin of dif-
ferences and to compare skewed parameters between the
groups. For comparing the qualitative data, X?, Fisher’s exact,
and Continuity Correction (Yates) tests were applied. Spear-
man’s rho correlation analysis was used to assess the relation-
ship between parameters. P<0.05 was considered significant.

RESULTS

Overall, 1195 CB calls were evaluated during the 5-year pe-
riod. Of these, 160 patients were excluded from the final anal-
ysis as the data needed for prognostic scoring were missing.
Of the remaining 1035 patients, CB was evaluated as true in
654 and improper in 381 patients; among the latter, 12 CB ac-
tivations were for patients who were already dead (Graphic I).

When the distribution of CB calls was assessed according to
year, CB activations were found to be most frequent in 2010
and 2011 (Graphic 2). Of 248 patients with return of spon-
taneous circulation (ROSC) after CPR, 73 (29.44%) were ad-
mitted to our ICU and 175 (70.56%) were admitted to other
ICUs after stabilization.

The mean age of 654 patients evaluated as true CB was
64.25+20.6 years, with 59% of these patients aged 265 years.
No significant difference was detected in mortality between
the age groups of <I8 years, 18-65 years, and 265 years
(p>0.05; Table 1).

Ulus Travma Acil Cerrahi Derg, March 2018, Vol. 24, No. 2

In true CB calls, a significant difference was detected between
the actual and expected mortalities in all age groups (p<0.05),
with actual mortality rate being significantly lower (Table 2).

A weak, positive correlation was detected between the ex-
pected mortality and age, while there was a strong, posi-

Table 3. Correlation analyses among age, PRISM and
APACHE Il scores, CPR duration, and expected
mortality and actual mortality

CPR duration Expected mortality

Age

r -0.75 0.255

p 0.056 <0.05

n 654 654
PRISM score

r 0.464 0.930

p 0.010 <0.05

n 30 30
APACHE Il score

r 0.177 0910

p <0.05 <0.05

n 624 624

Spearman’s rho test; 'p<0.05. CPR: Cardiopulmonary resuscitation.
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Table 4. Distribution of true and improper Code Blue calls according to departments
Department True Code Blue Improper Code Blue Total Improper/True
Code Blue
n % n % n % %
Emergent
Internal Medicine 284 77.0 85 23 369 10 0.29
Internal Medicine 144 823 31 17.7 175 100 0.21
Emergent Surgery 44 41.1 63 58.9 107 100 1.43
Surgery 39 60.0 26 40 65 100 0.66
Orthopedics 29 744 10 25.6 39 100 0.34
Emergency Department 27 65.9 14 34.1 41 100 0.51
Gastroenterology 22 81.5 5 18.5 27 100 0.22
Neurology 19 57.6 14 ao%d 33 100 0.73
Pediatric Emergency 18 40 27 60 45 100 1.5
Neurosurgery 6 25 18 75 24 100 3
Radiology 5 18.5 22 81.5 27 100 4.4
Chest 4 235 13 76.5 17 100 325
ETN 4 50 4 50 8 100 I
Urology 42.9 4 57.1 7 100 1.75
Obstetrics & Gynecology 2 222 7 77.8 9 100 3.5
Pediatrics 2 50 2 50 4 100 I
Infection Diseases 2 28.6 5 714 7 100 2.5
Other 0 0 31 100 31 100 -

tive correlation between expected mortality and PRISM or
APACHE Il scores (p<0.05; Table 3).

True CB was most frequently announced from the Emer-
gency-internal medicine and Internal Medicine departments,
whereas improper CB was most frequently announced from
the Emergency-internal medicine and Emergency-surgery de-
partments. The rate of improper CB was found to be highest
in the Radiology Department. In the departments classified as
miscellaneous, all CB calls were improper (n=1 in pathology
department, n=9 in blood sampling unit, n=3 in ophthalmol-
ogy department, n=16 in outpatient clinics, and n=2 in wait-
ing rooms) (Table 4).

True CB calls involved 250 patients with cardiac disease
(38.22%), 105 patients with terminal cancer (16.5%), 77 pa-
tients with neurological disease (11.77%), 62 patients with
trauma (9.4%), and 54 patients with acute respiratory failure
(8.25%).

On assessment of true CB calls, 33.18% (n=217) of true CB
calls were found to have been announced during working
hours (08:00-16:00) and 66.82% (n=437) were announced
out of working hours (16:00-08:00). The distribution of true
CB calls was as follows: 5.7% during the period 21:00-22:00;
5.7%, 23:00-24:00; 5.4%, 01:00-02:00; and 5.4%, 16:00—17:00.
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Of the improper CB calls, 39.37% (n=217) were found to
have been announced during working hours (08:00—16:00)
and 60.63% (n=437) were announced out of working hours
(16:00-08:00). The distribution of improper CB calls was as

Table 5. Time to arrival of the CB team and CPR duration in
true CB calls
Time to arrival of CB team (s) p
(MeanxSD)
2009 112.25+22.87 <0.001"
2010 102.90+22.99
2011 104.98+20.53
2012 98.12+22.40
2013 93.64+19.91
Duration of CPR (min) p
(Mean*SD)
<18 years 36.8+21.6 <0.05"
18-65 years 27.5%16.2
>65 years 26.2+12.9

Kruskal-Wallis test; “p<0.01 “p<0.05; when three groups were compared.
CB: Code Blue; CPR: Cardiopulmonary resuscitation; SD: Standard deviation.
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follows: 6.3% during the period 13:00—14:00; 5.3%, 21:00-
22:00; and 5.8%, 11:00—12:00.

On assessment of the time to arrival of the CB team, it was
found that the time was significantly shortened over the years
(p<0.001). Regarding CPR duration, no significant difference
was found between the groups aged 18-65 years and >65
years but the duration was significantly longer in the age group
<18 years (p<0.05) (Table 5). No correlation was detected
between CPR duration and age in true CB calls, while there
was a significant, moderate positive correlation between CPR
duration and PRISM or APACHE Il scores (p<0.05; Table 3).

DISCUSSION

This study was conducted in a tertiary, training hospital with
25 ICU beds, where the mean number of ED visits is 1200
per year. A comparison was made between the CB call data
at our hospital and the information in literature. The primary
outcome measure of the expected mortality as estimated us-
ing PRISM and APACHE scores was found to be significantly
higher than the actual mortality. Therefore, it was concluded
that the APACHE Il and PRISM scores are not useful in the
prediction of mortality in CB calls and that CB call applica-
tions were successful in accordance with literature.

Different scoring systems have been developed for the as-
sessment of disease severity in EDs. These scoring systems
are the mainstay of the management for critical illnesses, and
the common goal of determining disease severity requires the
objective measurement of changes in different physiological
parameters, which must be recognizable by all clinicians. In
ED, an ideal scoring system should include a limited number
of physiological variables, which can be obtained on presen-
tation to ED, and it should also accurately predict clinically
important outcomes. RAPS, REMS, GCS, CCI, MEWS, and
WPS are the most intensively studied scoring systems. How-
ever, according to the literature, none of these scoring sys-
tems has reached the highest level of evidence.

In many studies, it has been reported that the disorder
present before arrest has an effect on survival.**! However,
there is no scoring system used in the prediction of mor-
tality in CB patients. In this study, a comparison was made
between the expected and actual mortality rates and an as-
sessment was made of the PRISM and APACHE Il scores in all
true CB calls to evaluate the effectiveness of CB procedures
and treatments as well as the usefulness of the PRISM and
APACHE scores in CB procedures.

The results of this study showed that the expected mortal-
ity rates as estimated using prognostic scoring systems were
significantly higher than the actual mortality rates. However,
a significant, moderate positive correlation was detected the
CPR duration and APACHE Il and PRISM scores. This was
attributed to a shorter response time to CPR in patients with
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lower APACHE Il and PRISM scores. In conclusion, it was
found that expected mortality was increased by an increasing
number of comorbidities and CPR duration was increased
due to lack of rapid response to CPR.

The most important issue is the time to arrival of the CB
team. Previous studies have confirmed that the likelihood of
survival is increased by a shorter arrival time of the CB team
and early defibrillation.B#! In the American Heart Association
guidelines, it is aimed to initiate interventions and to provide
the first electric shock within 2 min.”-" Thus, CPR should be
started within 3 min.l'”! This is also defined as a parameter in
the Quality Standard of the Turkish Ministry of Health.

In the present study, the time to arrival of the CB team ranged
from 60 to 170 s (mean: 93.64 s), which is in accordance with
the target time. The team organization, physical conditions of
our hospital (40.000 m* on three floors, with the Anesthesi-
ology Department on the first floor), and regular training can
be considered to have been effective in this result. In addition,
field exercises performed by the quality department are also
effective in maintaining a dynamic process.

Reports in literature have stated that cardiac arrest is more
commonly seen among males (56%—69.9%) and cardiac prob-
lems are the leading cause of cardiac arrest.[*”'% The lower
incidence of arrest among females could be due to the lower
prevalence of coronary syndromes among females.? In the
present study, CB calls more commonly involved male pa-
tients and cardiac problems were the most common reason
for CB calls, which was consistent with literature.

CPR duration is known to be another important factor af-
fecting prognosis in CPR.B!''T |t has been reported that the
mortality rate is higher in cases with CPR duration >10 min,
while the survival rate is increased in cases with successful
CPR with a duration <10 min.?''¥l Several studies have ex-
amined the optimal CPR duration, with reported CPR du-
rations ranging from 12 to 30.5 min,l''-"®! and this may be
longer in pediatric patients.l' In the present study, CPR du-
ration was longer in the age group of <I8 years (36.8+21.6
min) than in other age groups, in agreement with literature
(p<0.05).

In CB procedures, mortality is still high reaching up to 85%
despite medical advances and the evolution of CB teams!"]
and survival rates range from 13% to 40%.5>'*-'"1 In this study,
the mortality rate in the CB procedures was found to be
62.61% and the survival rate was 38.07%.

True CB calls were often announced out of working hours
(66.82%), including immediately after working hours and be-
fore midnight. Both periods represent the beginning of out of
work (after 16:00) and before sleeping (21:00-02:00) hours.
Improper CB calls were often announced at the times of
lunch and dinner and before midnight (19:00-20:00, I1:00-
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14:00, and 16:00—17:00). These findings suggest that CB pro-
cedures do not involve the same conditions over 24 hours.

Although the effects of CB activation time on mortality were
not investigated in the current study, in a previous study by
Pembeci et al., it was reported that mortality is lower in CB
calls activated during working hours.l'8

Initial rhythm is also an important indicator for prognostica-
tion. It has been reported that the likelihood of survival and
disposition is higher in patients with VT/VNT than in those
with asystole.[*”] In a study on CPR and early defibrillation
in an adult in-patient setting, Spearpoint et al. reported that
the primary cause of the cardiac arrests was VT/VF in 25%
of cases, defibrillation was performed within the first 2 min,
and 90% of cases responded to CPR.I'"" Delayed defibrillation
has been associated with a decreased survival rate, with a
10% decrease in survival for each minute.” One of the lim-
itations of this study was the inability to use initial rhythm
in prognostication due to insufficient data. However, there
are defibrillators in all the wards and in ED in our hospital,
and portable emergency kits are available at certain points.
Given the short time to arrival of the CB team observed in
this study, it can be suggested that this did not lead to any
disadvantage.

In a study of |34 patients assessed due to CB activation, Pem-
beci et al. found the immediate survival rate to be 49%.!'8
In the current study, the immediate survival rate was deter-
mined to be 37.92% for 654 CB calls. This difference could
be attributed to many factors, including the time of CPR, the
number of anesthesiologists in the CPR team, the experience
of the anesthesiologist, and monitorization conditions etc.
Of 248 patients with ROSC after CPR, 73 (29.44%) were
admitted to the anesthesia ICU and 175 were admitted to
other ICUs. Of the 73 patients admitted to the anesthesia
ICU, 15 (20.54%) were discharged, but survival data was not
collected for the patients admitted to other ICUs after sta-
bilization. Thus, the mortality data of all patients could not
be calculated, which could be considered another limitation
of this study.

Conclusion

The results of this study demonstrated that the CB process
in our hospital was being successfully implemented in accor-
dance with literature. It was also determined that expected
mortality should be known to be able to establish standardiza-
tion when assessing CB procedures; furthermore, APACHE
Il 'and PRISM scores with the parameters available are not
helpful in the prediction of mortality in CB procedures. It was
therefore concluded that there is a need for novel scoring
systems using different parameters in CB procedures.
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AMAC: Mavi Kod, hastanelerde kalp ve solunum arrestine yanit vermek lizere gelistirilmis acil cagri sistemidir. Ancak, literatlirde Mavi Kod is-
lemlerinde mortaliteyi dngérmek igin bir skor sistemi gelistiriimemistir. Bu galismada Mavi Kod ile degerlendirilen hastalarda mortalite tahmininde
hesaplanan APACHE Il ve PRISM skorlarinin etkinliginin arastirilmasi ve Mavi Kod gagrilarinin geriye doniik analizi amagland.

GEREG VE YONTEM: Hastanemizde 2009 ile 2013 yillari arasinda Mavi Kod ekibi tarafindan degerlendirilen | 195 hasta geriye déniik olarak incelen-
di. Hastalara ait demografik veriler, tani ve iliskili bolimler, Mavi Kod nedenleri, kardiyopulmoner restsitasyon stiresi, APACHE Il ve PRISM skorlari
ile hesaplanan mortalite ve gerceklesen mortalite degerleri hastane veritabani ile Mavi Kod Bildirim Formlarindan geriye dontik olarak kayit edildi.
BULGULAR: Mavi Kod ¢agrilarinda gercek mortalite ile APACHE Il ve PRISM skorlari tarafindan hesaplanan beklenen mortalite arasinda tiim yas
gruplarinda anlamli fark vardi (p<0.05). Gergek mortalite orani beklenen mortaliteden anlamli derecede daha diistiktd.

TARTISMA: Mevcut parametrelerle APACHE ve PRISM skorlari, Mavi Kod islemlerinde mortalitenin ongoriilmesine yardimci olmayacaktir. Bu
ylizden, farkli parametrelerin kullanildigi yeni skor sistemlerine gereksinim vardir.

Anahtar sozclikler: APACHE IlI; Mavi Kod; mortalite; PRISM.
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