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Objectives:	A	change	in	our	children’s	hospital	coverage	model	to	
providing	full-time	in-house	supervision	by	intensivists	allowed	us	
to	evaluate	the	impact	of	this	change	on	patient	safety	outcomes.	
Our	aim	was	to	determine	whether	in-house	attending	coverage	
influenced	the	prevalence	and	outcomes	of	pediatric	code	events.
Design:	We	conducted	a	retrospective	review	of	all	code	events	
between	 October	 2005	 and	 October	 2007	 (before	 in-house	
intensivist	 supervision)	 and	 compared	 the	 prevalence,	 interven-
tions,	and	outcomes	of	these	codes	with	those	occurring	between	
April	2008	and	April	2010	(after	in-house	intensivist	supervision).	
A	code	event	was	defined	as	any	activation	of	the	code	system.
Setting:	One	hundred	eighty-seven	bed	children’s	hospital.
Subjects:	All	children	with	code	events.
Interventions:	None.
Measurements and Main Results:	 There	were	99	codes	during	
these	 two	periods:	39	codes	occurring	prior	 to	 in-house	 inten-
sivist	coverage	(of	which	eight	on	 the	ward	and	31	 in	 the	 ICU)	
and	60	occurring	following	 in-house	attending	coverage	(30	on	
the	ward	and	30	in	the	ICU).	Survival	was	significantly	improved	
following	 the	 implementation	 of	 in-house	 coverage	 (odds	 ratio,	
4.3;	 95%	 CI,	 1.7–10.8;	 p	 =	 0.003).	 There	 was	 no	 significant	
change	 in	 the	 overall	 rate	 of	 codes	 during	 these	 two	 periods	
(0.82	 codes/1,000	 patient-days	 before	 implementation	 vs	 1.17	
codes/1,000	patient-days	after	 implementation).	However,	 there	
were	 significantly	 more	 codes	 on	 the	 ward	 following	 in-house	
intensivist	coverage	(0.2	codes/1,000	patient-days	before	imple-
mentation	 vs	 0.71	 codes/1,000	 patient-days	 after	 implementa-
tion;	 p	 =	 0.013).	 An	 intensivist	 was	 significantly	 more	 likely	 to	
be	present	during	these	events	(odds	ratio,	28;	95%	CI,	3–273;	
p	=	0.001);	however,	the	acuity	of	the	children	with	codes	on	the	
ward	was	significantly	lower	during	the	in-house	coverage	period	
(p	=	0.001).	There	were	no	changes	in	the	rate	or	outcomes	of	
codes	occurring	in	the	ICU	with	this	change	in	coverage.

Conclusions:	 In	 the	period	 following	 implementation	of	 in-house	
intensivist	supervision,	children	with	code	events	were	more	likely	
to	 survive	 to	 hospital	 discharge.	 Having	 an	 intensivist	 in-house	
24	hr/d,	 7	d/wk	may	 be	 associated	 with	 improved	 outcomes	 in	
hospitalized	children. (Pediatr Crit Care Med	2014;	15:250–257)
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Hospitalized children who suffer a cardiopulmonary 
arrest have bleak outcomes. Only about one quarter 
of these children survive to discharge, and those who 

survive often have significant neurologic impairment (1, 2). 
Other emergent events, such as respiratory or neurologic fail-
ure, occur more commonly in hospitalized children but can 
progress to cardiopulmonary arrests if not addressed promptly 
and effectively (1, 2). Collectively, these emergent events are 
categorized as “code” events and trigger a rapid response from 
healthcare providers throughout the hospital. Early identifica-
tion and intervention of these potentially preventable events 
are crucial toward improving outcomes (3, 4).

Improving the quality and safety of patient care has been a 
major focus of the healthcare system since the release of two 
landmark reports by the Institute of Medicine (5, 6). They 
highlighted the relatively high rates of adverse events in hos-
pitals and delineated a broad agenda for quality improvement. 
One area of focus for quality improvement involves the pre-
vention of acute life-threatening events in hospitalized chil-
dren. Hospitals have instituted a variety of methods to improve 
outcomes and potentially prevent codes, including improved 
resident training and the development of rapid response 
teams (3, 4, 7–14). Many of these efforts have succeeded in 
reducing rates of mortality, cardiopulmonary arrests/codes, 
and unplanned ICU admissions in both children and adults 
(4, 7, 8, 10, 12–14). However, despite these efforts, there is still 
significant room for improvement in providing high-quality 
care to hospitalized children.

At our institution, we instituted a care model, wherein a 
critical care attending physician provides coverage in-house 
24 hr/d for 7 d/wk. We anticipated that this motif would 
improve patient care-related outcomes, particularly during 
high-risk events, such as codes. However, there is little pub-
lished evidence that in-house intensivists are associated with 
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such improvements. In this study, our goal was to evaluate 
whether in-house intensivist attending coverage is associated 
with improved outcomes in hospitalized children, specifically, 
whether this coverage model is associated with reduced preva-
lence of code events and improved outcomes during these 
codes.

METHODS
Prior to October 2007, during off-hours (5 pm–8 am on week-
days and all day during weekends), in-house coverage was 
provided by second or third year pediatric resident physi-
cians with ICU attendings available on-call. These pediatric 
residents provided clinical care to hospitalized children and 
during a code provided leadership until an attending physi-
cian arrived in-house or until the code was ended. In Octo-
ber 2007, the intensivist coverage model at our institution was 
expanded to provide in-house critical care attending coverage 
for 24 hr/d during weekdays. Beginning in April 2008, in-house 
critical care attending coverage was provided 24 hr/d, 7 d/wk. 
All intensivists staffing the ICU were board certified or board 
eligible in Pediatric Critical Care medicine.

Using the change in coverage model as a natural experi-
ment, this study was conducted in two stages. First, in the 
2-year period prior to institution of in-house intensivist cov-
erage (October 2005 to October 2007), baseline data were 
collected retrospectively to determine the prevalence and out-
comes of codes on the wards and in the ICU. During the sec-
ond stage, the prevalence, characteristics, interventions, and 
outcomes of codes were collected prospectively in the 2-year 
period following institution of 24/7 in-house intensivist cov-
erage (April 2008 to April 2010) and these data were com-
pared with those of codes occurring in the 2-year period prior 
to in-house intensivist coverage. All children who underwent 
a code event in the ICU or on the ward during these periods 
between October 2005 and October 2007 (before in-house 
attending supervision) and April 2008 and April 2010 (after 
in-house attending supervision) were included in the analysis. 
Data were excluded from the period between October 2007 
and April 2008 during which partial in-house intensivist cov-
erage was provided.

A code was defined as an unexpected cardiac arrest, respi-
ratory arrest, or acute neurologic event (seizure) resulting in 
activation of the hospital-wide code blue system. Following 
activation of this system, a multidisciplinary team includ-
ing critical care nurses, respiratory therapists, pharmacists, 
pediatric residents, and intensivists (if in-house) responded. 
Prevalence of codes was calculated using hospital census data. 
Outcomes and interventions were collected from review of the 
medical record and from review of confidential peer-reviewed 
quality improvement forms filled out by code team members 
immediately following each code. This research was conducted 
at Connecticut Children’s Medical Center, a 187-bed, free-
standing children’s hospital with an 18-bed PICU and approxi-
mately 1,000 PICU admissions/yr. The study was approved 
by the institutional review board and informed consent  
was waived.

The primary study outcome was the rate of code events 
per inpatient day. Secondary outcomes include disposition 
and outcome, interventions used during the code, and staff 
concerns during postcode review. Demographics and clini-
cal characteristics of the children (age, gender, race/ethnic-
ity, and comorbidities), as well as code characteristics (type, 
duration, and interventions performed), were obtained from 
the medical record. Data from confidential reviews conducted 
routinely following all codes were used to assess possible staff 
concerns for each code event. Type of code (respiratory, car-
diac, and neurologic) was determined from the descriptions 
provided, and each code could be designated as more than one 
type, if appropriate. Severity of illness was quantified using the 
Pediatric Risk of Mortality (PRISM) 3 score, which was calcu-
lated using data from the 12 hours prior to activation of the 
code. Traditionally, the PRISM3 score is determined using data 
from the first 12 hours of the ICU stay. However, since these 
codes took place in both the ICU and on the ward, as well as 
during various timeframes over the course of a patient’s hos-
pitalization, we calculated the PRISM3 score in this nontradi-
tional way to have a measurement of illness severity that could 
be compared across groups.

Data were analyzed using SPSS statistical software (version 
17.0; Chicago, IL) with consultation from the Office of Research 
at Connecticut Children’s Medical Center. Characteristics of 
children and codes occurring before and after implementa-
tion of 24/7 intensivist coverage were compared using Student 
t tests or Mann-Whitney U tests for continuous variables and 
chi-square tests for categorical variables. Calculations are pre-
sented as mean ± sd or median and 25–75% interquartile range 
for continuous variables and as frequencies (%) for categorical 
variables. Frequencies are rounded to the nearest whole num-
ber, and p values of less than 0.05 are considered statistically 
significant.

RESULTS

All Codes
A total of 99 codes occurred during the study periods in 77 
children: 39 occurred prior to in-house intensivist coverage 
and 60 occurred after initiating in-house coverage. The major-
ity of the codes (n = 61; 62%) occurred in the ICU, whereas 
the remaining took place on the wards. Seventy-one of the 
children (72%) who had a code event survived to hospital dis-
charge. The mean age of the children was 4.0 years (± 6.2 yr) 
and approximately half (51%) were boys. The median PRISM3 
score calculated in the 12 hours prior to the code was 3.0  
(0.0–9.0), and the majority of children (82%) had one or more 
preexisting chronic illnesses.

The demographic characteristics of children experiencing a 
code before and after implementation of in-house intensivist 
attending coverage are shown in Table 1. There were no signifi-
cant differences between the two groups in terms of age, gender, 
or race/ethnicity. However, children who experienced a code 
prior to in-house attending coverage had significantly higher 
PRISM3 scores (5.0 [1.0–12.0] vs 0.0 [0.0–5.75]; p = 0.002) 
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calculated in the 12 hours prior to their code, indicating a 
greater acuity of illness among these patients compared with 
those experiencing a code after implementation of in-house 
coverage. Children in each group had similar rates of respira-
tory and neurologic chronic illnesses. However, there was a 
significantly lower frequency of chronic cardiac illness in the 
children having codes after implementation of 24/7 coverage 
(39% vs 12%; odds ratio [OR], 0.2; 95% CI, 0.1–0.6; p = 0.004). 

During both periods, the majority of codes were related to 
respiratory etiologies.

The characteristics and outcomes of codes occurring before 
and after employment of in-house coverage are displayed in 
Table 2. Of the 39 codes occurring prior to in-house intensivist 
coverage, eight occurred on the ward and 31 occurred in the 
ICU. Of the 60 codes occurring following in-house attending 
coverage, 30 occurred on the ward and 30 occurred in the ICU. 

TAbLE 1.  Demographic Characteristics of Children Involved in Code Events before and 
After Implementation of 24/7 In-House Intensivist Coverage

Variable
before 24/7 Coverage  

(n = 39)
After 24/7 Coverage  

(n = 60) p OR (95% CI)

Age (yr) 2.8 ± 4.5 4.9 ± 7.0 0.10

Gender, male, % 56 (n = 22) 48 (n = 29) 0.56 0.7 (0.3–1.6)

Race, %

  White 36 (n = 14) 37 (n = 22) 1.00 1.0 (0.4–2.4)

  Black 21 (n = 8) 22 (n = 13) 1.00 1.1 (0.4–2.9)

  Hispanic 21 (n = 8) 15 (n = 9) 0.66 0.7 (0.2–2.0)

Pediatric Risk of Mortality 3 score 5.0 (1.0–12.0) 0.0 (0.0–5.75) 0.002

Chronic illnesses, %

  Chronic respiratory 33 (n = 13) 37 (n = 22) 0.90 1.2 (0.5–2.7)

  Chronic cardiac 39 (n = 15) 12 (n = 7) 0.004 0.2 (0.1–0.6)

  Chronic neurologic 15 (n = 6) 32 (n = 19) 0.11 2.5 (0.9–7.1)

OR	=	odds	ratio.

TAbLE 2. Characteristics and Outcomes of Codes before and After Implementation  
of 24/7 Coverage

Variable
before 24/7 Coverage 

(n = 39)
After 24/7 Coverage 

(n = 60) p OR (95% CI)

Type of code, %

  Respiratory 62 (n = 24) 63 (n = 38) 1.00 1.1 (0.5–2.5)

  Cardiac 41 (n = 16) 23 (n = 14) 0.10 0.4 (0.2–1.1)

  Neurologic 5 (n = 2) 15 (n = 9) 0.19 3.3 (0.7–16.0)

Location of code, %

  ICU 80 (n = 31) 50 (n = 30) 0.006 0.3 (0.1–0.7)

Disposition after codes on ward, %

  Remain on ward 3 (n = 1) 12 (n = 7) 0.14 5.0 (0.6–42.5)

  Admit to PICU 18 (n = 7) 38 (n = 23) 0.05 2.8 (1.1–7.5)

Outcome, %

  Died in code 21 (n = 8) 10 (n = 6) 0.24 0.4 (0.1–1.4)

  Died after code but in hospital 26 (n = 10) 7 (n = 4) 0.005 0.2 (0.05–0.6)

  Survived to discharge 54 (n = 21) 83 (n = 50) 0.003 4.3 (1.7–10.8)

Codes per 1,000 patient-days 0.8 1.2 0.23

OR	=	odds	ratio.
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In other words, codes occurring prior to in-house intensivist 
coverage were significantly more likely to take place in the ICU 
compared with those occurring after in-house attending cover-
age (80% vs 50%; OR, 3.9; 95% CI, 1.5–9.8; p = 0.006). Survival 
to discharge in children with codes was significantly improved 
following implementation of in-house intensivist coverage 
(54% vs 83%; OR, 4.3; 95% CI, 1.7–10.8; p = 0.003). There 
was no significant change in the overall rate of codes occurring 
after implementation of in-house coverage (0.82 codes/1,000 
patient-days before 24/7 coverage vs 1.17 codes/1,000 patient-
days after 24/7 coverage; p = 0.23) (Fig. 1).

A logistic regression analysis was performed to examine the 
predictors of survival to discharge while controlling for other 
factors. A model containing time frame (before vs after imple-
mentation), age, PRISM3 score, and chronic cardiac illness was 
statistically significant (x2 [4, n = 95] = 29.9, p < 0.001); how-
ever, PRISM3 score was the only factor that remained a statisti-
cally significant predictor of survival to discharge (OR, 0.87; 
95% CI, 0.80–0.94) (Table 3).

Codes Occurring on the Wards
A total of 38 codes occurred on the ward during this study: 
eight prior to in-house intensivist coverage and 30 following 
implementation of in-house intensivist coverage. Figure 2 and 
Table 4 display the characteristics of codes occurring only on 
the ward. Following in-house coverage, there was a signifi-
cant increase in the rate of codes (0.71 codes/1,000 patient-
days vs 0.20 codes/1,000 patient-days before 24/7 coverage; 
p = 0.013), and an intensivist was significantly more likely 
to be present during these events (OR, 28; 95% CI, 3–272;  

p = 0.001). However, these codes occurred in significantly less 
acutely ill children, as evidenced by the significant difference in 
PRISM3 scores between the two time periods (4.0 [2.0–33.0] 
vs 0.0 [0.0–0.8]; p = 0.001). There were no significant differ-
ences in the proportion of codes occurring off-hours or in the 
median duration of codes. However, these codes occurring on 
the ward were associated with significantly fewer interventions 
after implementation of in-house intensivist coverage, includ-
ing less frequent cardiopulmonary resuscitation (50% vs 10%; 
OR, 0.1; 95% CI, 0.02–0.7; p = 0.03), less frequent intubation 
(75% vs 30%; OR, 0.1; 95% CI, 0.02–0.8; p = 0.04), and a lower 
usage of inotropes (63% vs 13%; OR, 0.1; 95% CI, 0.02–0.5;  
p = 0.01). In addition, there were significantly fewer staff con-
cerns about patient care on postcode review (63% vs 20%; OR, 
0.2; 95% CI, 0.03–0.8; p = 0.03). More specifically, there were 
less concerns regarding leadership during the code (50% vs 
10%; OR, 0.1; 95% CI, 0.02–0.7; p = 0.03) and less concerns 
regarding delegation of roles during the code (38% vs 3%; OR, 
0.1; 95% CI, 0.01–0.7; p = 0.02). There was no significant dif-
ference in the outcome of these codes occurring on the ward.

Codes Occurring in the ICU
A total of 61 codes occurred in the ICU during this study, 31 prior 
to in-house intensivist coverage and 30 following implementa-
tion of in-house intensivist coverage. The characteristics of codes 
occurring only in the ICU are shown in Figure 3 and Table 5. 
There was no significant difference in the rate of codes occurring 
before versus after implementation of in-house coverage. How-
ever, unsurprisingly, an intensivist was more likely to be present 
at codes in the ICU in the period following 24/7 coverage (61% 

vs 100%; p = 0.001). There were 
also no significant differences 
between the two time periods 
in the frequency of codes occur-
ring off-hours, in the median 
duration of codes, or in patient 
illness severity. Additionally, 
unlike codes occurring on the 
ward, there were no significant 
differences in types and preva-
lence of interventions or in staff 
concerns on postcode review in 
codes taking place in the ICU. 
Furthermore, there was no sig-
nificant difference in the out-
come of these codes, although 
there was a trend toward better 
survival to discharge after imple-
mentation of in-house coverage 
(48% vs 73%, p = 0.07).

DISCUSSION
A change in our coverage 
model provided an opportu-
nity to examine the influence 
of 24/7 in-house coverage on 

Figure 1. Rate of all codes per month occurring both on the ward and in the ICU before and after implementation of 
24/7 in-house intensivist coverage. Dashed lines within the figures represent mean trend lines during the time period.
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the prevalence and outcomes of pediatric codes. In this group 
of hospitalized children, survival to hospital discharge was 
improved in children who had codes following implementa-
tion of in-house intensivist coverage. However, there were sig-
nificantly more codes occurring on the wards following this 
change in coverage model, and the overall acuity of the chil-
dren who had codes on the ward was significantly lower. When 
examining these associations in a regression analysis, survival 
to hospital discharge was strongly associated with acuity, but 
in-house attending coverage was no longer significant. In these 
lower acuity codes on the ward, when an attending was present, 
there were also significantly fewer interventions performed and 
significantly fewer concerns raised regarding leadership on the 
postcode review. In the ICU, the rate of codes did not change 
following implementation of in-house intensivist coverage, nor 
did the types, outcomes, and interventions during these codes.

The presence of a critical care attending at all times in the 
hospital may improve the early identification of impending 

code events, potentially improving outcomes by decreasing 
code rates. However, we found the opposite: the rate of codes 
was increased following implementation of in-house attend-
ing coverage. There are several potential explanations for this 
finding. First, with intensivists in-house, there may have been 
a decreased threshold for calling codes to get an intensivist to 
the bedside, resulting in more codes being called for less sick 
patients. This rationale is supported by lower PRISM3 scores, 
shorter codes, and less interventions for these patients on the 
ward with codes following in-house coverage. It may be that 
the increased rate of codes on the ward reflected “near misses” 
of potentially more severe events and that earlier identification 
of these events led to an overall improvement in outcomes and 
a decreased mortality. Another potential explanation is that 
during the period following in-house coverage, there was a sig-
nificant increase in the instability of children admitted to the 
hospital or a change in the patient population. However, the 
data do not indicate that the patients on the ward were sicker 

or there was a change in demo-
graphics after 24/7 coverage 
began.

The majority of recent lit-
erature concerning attempts 
to reduce code occurrences 
involves “rapid response 
teams” (4, 7–10, 12–14). These 
teams, which are typically 
smaller and more focused than 
the team that responds to code 
events, can be quickly deployed 
to provide critical care exper-
tise in response to a change in 
patient status. Composition 
varies from institution to insti-
tution, but these teams gen-
erally include a physician, a 
mid-level practitioner, a criti-
cal care nurse, and a respira-
tory therapist. Rapid response 
teams can be activated in 
response to a change in early 
warning scoring system or at 
the concern of staff or even a 
patient or family member. A 

TAbLE 3. Logistic Regression Analysis Examining Predictors of Survival to Discharge

Variable B se Wald p OR (95% CI)

Time frame 1.09 0.60 3.31 0.07 2.98 (0.92–9.65)

Age (yr) –0.06 0.04 1.86 0.17 0.94 (0.87–1.03)

Pediatric Risk of Mortality 3 score –0.15 0.04 12.12 < 0.001 0.87 (0.80–0.94)

Chronic cardiac illness 0.51 0.75 0.46 0.50 1.67 (0.38–7.27)

Intercept 1.60 0.54 8.84 0.003

OR	=	odds	ratio.

Figure 2. Rate of codes per month occurring on the ward before and after implementation of 24/7 in-house 
intensivist coverage. Dashed lines within the figures represent mean trend lines during the time period.
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rapid response team was not in 
place at Connecticut Children’s 
Medical Center at the time of 
this study.

Several authors have studied 
the effects of a rapid response 
team on the rate of codes out-
side the ICU in children’s hos-
pitals (4, 10, 13). Brilli et al (10) 
reported a decreased respiratory 
and cardiopulmonary code rate 
outside the ICU postimple-
mentation of a rapid response 
team (0.11 vs 0.27 codes/1,000 
patient-days preimplementa-
tion; p = 0.03). They also found 
a decreased mortality rate for 
codes outside the ICU postim-
plementation, although this did 
not reach statistical significance 
(0.12/1,000 d preimplementa-
tion vs 0.06/1,000 d postim-
plementation; p = 0.13) (10). 
Likewise, Sharek et al (4) found 
a significant reduction in code 

Figure 3. Rate of codes per month occurring in the ICU before and after implementation of 24/7 in-house 
intensivist coverage. Dashed lines within the figures represent mean trend lines during the time period.

TAbLE 4. Characteristics of Codes Occurring on the Ward before and After Implementation 
of 24/7 In-House Intensivist Coverage

Variable
before 24/7 Coverage  

(n = 8)
After 24/7 Coverage  

(n = 30) p OR (95% CI)

ICU attending present, % 13 (n = 1) 80 (n = 24) 0.001 28.0 (2.9–273.3)

Off-hours code, % 100 (n = 8) 80 (n = 24) 0.31

Code duration (min) 24.5 (9.5–41.8) 20.5 (5.0–33.3) 0.26

Pediatric Risk of Mortality 3 score 4.0 (2.0–33.0) 0.0 (0.0–0.8) 0.001

Interventions during code, %

  Cardiopulmonary resuscitation 50 (n = 4) 10 (n = 3) 0.03 0.1 (0.02–0.7)

  Intubation 75 (n = 6) 30 (n = 9) 0.04 0.1 (0.02–0.8)

  Inotrope started 63 (n = 5) 13 (n = 4) 0.01 0.1 (0.02–0.5)

  Fluid bolus 38 (n = 3) 43 (n = 13) 1.00 1.3 (0.3–6.3)

Staff concerns during review, %

  Any staff concerns 63 (n = 5) 20 (n = 6) 0.03 0.2 (0.03–0.8)

  Poor leadership 50 (n = 4) 10 (n = 3) 0.03 0.1 (0.02–0.7)

  Delegation of roles 38 (n = 3) 3 (n = 1) 0.02 0.1 (0.01–0.7)

Outcome, %

  Died in code 0 (n = 0) 0 (n = 0)

  Died after code but in hospital 25 (n = 2) 7 (n = 2) 0.19 0.2 (0.03–1.8)

  Survived to discharge 75 (n = 6) 93 (n = 28) 0.19 4.7 (0.5–40.0)

Codes per 1,000 patient-days 0.2 0.7 0.01

OR	=	odds	ratio.
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rate (0.52 vs 0.15 codes/1,000 patient-days; p = 0.008), as well as 
mortality rate (1.01 vs 0.83 per 100 discharges; p = 0.007), while 
studying the effects of a rapid response team on codes occurring 
outside the ICU. More recently, Kotsakis et al (14) examined the 
effectiveness of a pediatric rapid response system in a large mul-
ticenter study in Ontario, Canada. The authors reported a signifi-
cant decrease in the rate of total code blue events, as well as the 
rate of near cardiopulmonary arrests, but found no significant 
difference in the rate of actual cardiopulmonary arrests following 
implementation (14). They also reported that the rapid response 
system was associated with a reduction in the PICU mortality 
rate after readmission but found no reduction in PICU mortality 
after urgent admission (14). In contrast with our findings, each 
of these centers found a decreased rate of codes following imple-
mentation of this rapid response team. However, in our institu-
tion, the lack of a rapid response team may have led providers 
to call a code more frequently knowing that additional help and 
critical care support was in-house and readily available. If there 
were a rapid response team in place at our institution at the time 
of our study, our results may have been significantly different.

Other authors have attempted to reduce deterioration on the 
ward using the concept of “situation awareness” (15). In situa-
tion awareness, providers use their impression of the elements 
of the environment, their knowledge of the meaning of those 

elements in that particular space and time, and an estimation 
of the status of these elements in the near future (15). Situation 
awareness methodology goes beyond a simple score or the sub-
jective feeling of providers and uses real-time quality perfor-
mance reviews to examine interventions at the beside, unit, and 
organizational level that can be harnessed to identify deteriora-
tion, mitigate risk, and escalate care if needed (15). Using this 
explicit methodology, providers have been better able to signifi-
cantly reduce rates of adverse events and unsafe transfers in a 
large pediatric hospital setting (15).

Ours is the only published study to our knowledge that spe-
cifically examines the rate and outcomes of codes occurring 
before and after implementation of a 24/7 in-house intensiv-
ist coverage model in a children’s hospital. Additionally, there 
are relatively few studies that have found changes in other 
outcomes following implementation of in-house intensivist 
coverage (16–18). Nishisaki et al (16) reported shorter dura-
tions of mechanical ventilation and shorter lengths of inten-
sive care stay after implementation of 24-hour in-hospital 
pediatric critical care attending coverage. A study by Tenner 
et al (17) found that compared with resident-level overnight 
coverage, there was significantly lower mortality and shorter 
lengths of stay when hospitalists provided care in the PICU. 
Hixson et al (18) found that night and weekend admission was 

TAbLE 5. Characteristics of Codes Occurring in the ICU before and After Implementation 
of 24/7 In-House Intensivist Coverage

Variable
before 24/7 Coverage  

(n = 31)
After 24/7 Coverage  

(n = 30) p OR (95% CI)

ICU attending present, % 61 (n = 19) 100 (n = 30) 0.001

Off-hours code, % 65 (n = 20) 53 (n = 16) 0.53 0.6 (0.2–1.8)

Code duration (min) 13.0 (8.0–26.0) 8 (5.0–21.5) 0.21

Pediatric Risk of Mortality 3 score 6.0 (0.0–12.0) 3.5 (0.0–8.3) 0.24

Interventions during code, %

  Cardiopulmonary resuscitation 77 (n = 24) 80 (n = 24) 1.00 1.2 (0.3–4.0)

  Intubation 36 (n = 11) 20 (n = 6) 0.29 0.5 (0.1–1.4)

  Inotrope started 77 (n = 24) 50 (n = 15) 0.05 0.3 (0.1–0.9)

  Fluid bolus 45 (n = 14) 37 (n = 11) 0.68 0.7 (0.3–2.0)

Staff concerns during review, %

  Any staff concerns 32 (n = 10) 27 (n = 8) 0.84 0.8 (0.3–2.3)

  Poor leadership 10 (n = 3) 3 (n = 1) 0.61 0.3 (0.03–3.3)

  Delegation of roles 3 (n = 1) 7 (n = 2) 0.61 2.1 (0.2–25.0)

Outcome, %

  Died in code 26 (n = 8) 20 (n = 6) 0.76 0.7 (0.2–2.4)

  Died after code but in hospital 26 (n = 8) 7 (n = 2) 0.08 0.2 (0.04–1.1)

  Survived to discharge 48 (n = 15) 73 (n = 22) 0.07 2.9 (1.0–8.6)

Codes per 1,000 patient-days 3.8 3.4 0.73

OR	=	odds	ratio.
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associated with worse outcomes and suggested that in-house 
coverage could potentially improve them. However, despite 
the paucity of evidence that this coverage model is associ-
ated with improved outcomes, in-house intensivist coverage 
is becoming the norm in the United States (19). In our study, 
we found improved survival in hospitalized patients follow-
ing implementation of in-house attending coverage, support-
ing the belief that this coverage model provides superior care.

This single-center study has several limitations. Although 
we found an association with improved survival on univariate 
analysis, this association did not persist on multivariate regres-
sion analysis. Additionally, the findings presented may not be 
generalizable to other institutions. Although we are not aware 
of any significant changes in hospital practice between the two 
time periods, it is possible that such a change may have impacted 
the results. There were significant differences in the underlying 
chronic diseases of the children during the two study periods 
(less cardiac and more respiratory following implementation of 
in-house coverage). This may have affected our results as well.

CONCLUSION
The implementation of 24/7 in-house intensivist coverage was 
associated with an improvement in patient survival following 
code events, although this improvement is likely secondary to a 
higher rate of lower acuity codes on the ward. These lower acu-
ity codes occurred in less acutely ill children and were associated 
with significantly fewer interventions and fewer staff concerns 
about patient care on postcode review. Additional studies are 
needed to further explore the relationship between in-house 
attending coverage and outcomes in hospitalized children.
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