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P ediatric intensive care units 
(PICUs) are typically staffed by 
pediatric critical care specialty 
trained attending physicians 

(1). Several studies show that the intensive 
care unit (ICU) trained physician coverage 
as a primary service is associated with bet-
ter outcomes (2, 3). High intensity ICU 
attending coverage compared to low in-
tensity coverage was associated with low-
er ICU and hospital mortality and shorter 
ICU length of stay in a  meta- analysis 
(4). Furthermore, limited literature has 
shown that around- the- clock presence 
of adult critical care trained physicians 
has been associated with improved ICU 

outcomes, decreased length of stay, and 
lower costs (5–7). However, there have 
been limited data supporting the specula-
tion that 24-hr attending coverage adds 
additional benefit in PICUs (8).

Many PICUs do not have 24-hr- a- 
day critical care attending physicians 
 in- hospital (9, 10). Specifically, night-
time attending physician staff coverage is 
variable. At night, patients are managed 
by the physicians- in- training (residents 
or fellows) or physician extenders who 
are physically present in the unit, and 
telephone contact is available with a 
responsible attending physician. The lack 
of nighttime attending physician presence 

may affect quality of care, especially for 
those who arrive for admission or acutely 
decompensate at night, because less expe-
rienced providers are the primary care 
managers. Clinical decisions and inter-
ventions may also be delayed, such as the 
removal of an endotracheal tube at night 
or transfers of patients in and out of the 
PICU. In an effort to improve quality, 
some PICUs have transitioned to 24-hr, 
 in- hospital critical care attending physi-
cian coverage with limited evidence to 
support this change. The clinical impact 
of around- the- clock  in- hospital pediatric 
critical care attending presence (includ-
ing nights), as compared with daytime 
and evening  in- hospital attending pres-
ence, is currently unknown.

In this study we evaluated the effect 
of 24-hr  in- hospital board certified/ 
eligible pediatric critical care attending 
physician presence on process of care 
and patient outcomes in a large, tertiary 
level academic PICU. We hypothesized 
that the transition from day/evening to 
24-hr  in- hospital critical care attending 

Objective: Attending physicians are only required to provide 
 in- hospital coverage during daytime hours in many pediatric in-
tensive care units. An  in- hospital 24-hr pediatric intensive care 
unit attending coverage model has been increasingly popular, but 
the impact of 24-hr,  in- hospital attending coverage on care pro-
cesses and outcomes has not been reported. We compared pro-
cesses of care and outcomes before and after the implementation 
of a 24-hr  in- hospital pediatric intensive care unit attending physi-
cian model.

Design: Retrospective comparison of before and after cohorts.
Setting: A single large, academic tertiary medical/surgical pe-

diatric intensive care unit.
Patients: Pediatric intensive care unit admissions in 

2000–2006.
Intervention: Transition to 24-hr from 12-hr  in- hospital pediatric 

critical care attending physician coverage model in January 2004.
Measurements and Main Results: A total of 18,702 patients were ad-

mitted to intensive care unit: 8,520 in 24 hrs; 10,182 in 12 hrs. Duration 
of mechanical ventilation was lower (median 33 hrs [interquartile range 
12–88] vs. 48 hrs [interquartile range 16–133], adjusted reduction of 

35% [95% confidence interval 25%–44%], p , .001) and intensive care 
unit length of stay was shorter (median 2 days [interquartile range 1–4] 
vs. 2 days [interquartile range 1–5], adjusted p , .001) for 24 hr vs. 12 
hr coverage. The reduction in mechanical ventilation hours was simi-
lar when noninvasive, mechanical ventilation was included in ventila-
tion hours (median 42 hrs vs. 56 hrs, adjusted reduction in ventilation 
hours: 33% [95% confidence interval 20–45], p , .001). Intensive care 
unit mortality was not significantly different (2.2% vs. 2.5%, adjusted  
p  .23). These associations were consistent across daytime and 
nighttime admissions, weekend and weekday admissions, and among 
subgroups with higher Pediatric Risk of Mortality III scores, postsurgi-
cal patients, and histories of previous intensive care unit admission.

Conclusions: Implementation of 24-hr  in- hospital pediatric crit-
ical care attending coverage was associated with shorter duration 
of mechanical ventilation and shorter length of intensive care unit 
stay. After accounting for potential confounders, this finding was 
consistent across a broad spectrum of critically ill children. (Crit 
Care Med 2012; 40:2190–2195)
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physician coverage would be associated 
with shorter duration of mechanical ven-
tilation and shorter PICU length of stay.

MATERIALS AND METHODS

Study Setting. With Institutional 
Review Board approval, this study was 
conducted at a large, tertiary academic 
pediatric  medical- surgical (noncardiac) 
ICU in a freestanding children’s hospital 
in the United States. At the time of the 
study, the PICU consisted of 45 beds. An 
average of 2,800 patients were admit-
ted to the PICU annually. One hundred 
twenty pediatric and emergency medicine 
residents, and 15 pediatric critical care 
fellows worked as  in- training medical 
providers under supervision of 20 board 
certified or board eligible pediatric criti-
cal care attending physicians.

Study Population. Medical and sur-
gical PICU admissions from January 
1, 2000, to December 31, 2006, were 
included for the analysis. Primary cardiac 
patients were managed in a separate car-
diac ICU and the data were not included 
in this study.

Intervention. The PICU transitioned 
from a traditional 12-hr (7:00 am to 6:59 
pm)  in- hospital critical care attending 
physician coverage model to a 24-hr 
 in- hospital critical care attending cover-
age model in January 2004. Data from 
December 2003 and January 2004 were 
excluded from the analysis, since there 
was a mixed 12-hr to 24-hr  in- hospital 
attending coverage during that 2-month 
transition period. During the traditional 
12-hr model, an  on- service critical care 
attending physician came in the morning 
around 7:00 am, and left in the evening 
after the ICU settled down. This typically 
occurred between 5:00 pm and 8:00 pm.  
Residents and pediatric critical care fel-
lows stayed overnight as primary care 
providers. After implementation of 24-hr 
critical care attending physician cover-
age, there is a  sign- out from daytime 
critical care attending to nighttime criti-
cal care attending around 5:00 pm and 
6:00 pm, and an another  sign- out in the 
morning around 7:00 am. In addition to 
residents and pediatric critical care fel-
lows,  in- hospital critical care attending 
physicians were expected to be present 
for any new ICU admissions or any acute 
changes of patient conditions requir-
ing interventions such as intubation or 
extubation, initiation of vasopressors, or 
transfer to the operating room. Residents 
and fellows rounded at midnight, and the 

 in- hospital attending physician  on- call 
discussed the management of the patients 
in detail.

Study Measures. Our primary outcome 
of interest was the duration of mechanical 
ventilation (excluding noninvasive venti-
lation). Our secondary outcomes were 
length of ICU stay and ICU mortality.

A local PICU quality improvement 
database was utilized to identify all admis-
sions during the study period. This ICU 
database was then combined with the 
 hospital- wide admission database and a 
respiratory care billing database which 
includes the duration (hours) and types 
of mechanical ventilation. This process 
allowed us to generate a dataset to analyze 
the duration of mechanical ventilation 
while adjusting or stratifying for patient 
level covariates. Noninvasive mechanical 
ventilation billing was available starting 
in 2003.

Statistical Analysis. Statistical analy-
ses were performed with STATA version 
11.0 (Stata Corp, College Station, TX). 
The effect of the intervention was evalu-
ated by comparison of  patient- level 
outcomes between the preintervention 
and postintervention phases. All com-
parisons were prospectively planned. Ad 
hoc sensitivity analyses were conducted 
to evaluate the effect of intervention in 
specific, prospectively designated subpop-
ulations. Nighttime was defined from 7:00 
pm until 6:59 am (11). This was based on 
the observation that the daytime critical 
care attending typically left the PICU by 
7:00 pm during the traditional 12-hr model 
period (11). A sensitivity analysis was also 
performed to account for any increased 
noninvasive ventilation use (which may 
be expected with lower rates of mechani-
cal ventilation).

Summary statistics are reported as the 
mean or proportion (%) and correspond-
ing sd, 95% confidence interval (CI) for 
data without skewness, and median and 
interquartile range (IQR) for skewed data. 
For dependent variables,  chi- square tests 
were used for categorical variables, t tests 
for continuous  non- skewed variables, and 
the Wilcoxon  rank- sum test for skewed 
data as univariate analyses. Age was cat-
egorized in four groups (infants, 1–7 yr 
olds, 8–17 yr olds, and adults), and time 
of admission was categorized as either 
daytime or nighttime. Day of admission 
was categorized as weekday or weekend. 
For multivariable analyses controlling 
for potential confounders, linear regres-
sion was used for normally distributed 
dependent variables, and ordinal logistic 

regression for highly skewed ordinal vari-
ables. Specifically, the primary outcome 
of duration of mechanical ventilation 
was  log- transformed for multivariate 
linear regression analysis. Normality of 
the  log- transformed duration data was 
evaluated using a histogram. Multivariate 
linear regression was performed with 
 log- transformed duration of mechanical 
ventilation as the dependent variable and 
the following provider and  patient- level 
independent variables: 24-hr  in- hospital 
attending physician coverage, age (cat-
egorized as infants, 1–7 yr, 8–17 yr, 
adults), gender, transfer from inpatient 
unit, postoperative status, diabetes, 
admission after cardiopulmonary resus-
citation, chromosomal abnormality, and 
Pediatric Risk of Mortality III (PRISM III) 
(11), time of admission (either daytime 
or nighttime), weekday (Monday through 
Friday) or weekend (Saturday and Sunday) 
admission, previous PICU admission as a 
separate admission, and return to PICU 
during the same admission as covariates 
in the model.  Patient- level covariates 
included in the regression model are 
known to be associated with ICU  mortality 
(12), and the association was evaluated 
with univariate analyses. Coefficients 
were transformed back for interpretation. 
For the secondary outcome, PICU length 
of stay, which was highly skewed, ter-
tiles were generated and used for ordinal 
logistic regression. A multivariable logis-
tic regression was used to compare the 
ICU mortality between the preinterven-
tion and post intervention phases while 
adjusting for  patient- level covariates. A 
p value .05 was considered statistically 
significant for all hypotheses. With this 
strategy, we avoided being too conserva-
tive and missing important exploratory 
findings (13–15).

RESULTS

Patient Characteristics. A total of 
18,702 PICU admissions were identified 
during the study period: 10,182 were 
admitted during the 12-hr attending phy-
sician coverage period, and 8,520 were 
admitted during the 24-hr  in- hospital 
attending physician coverage period 
(Tables 1 and 2). During the 24-hr cover-
age period, patients were younger (median 
year 5.5 [IQR 1.4–13.3] vs. 6.0 [IQR 1.7–
13.4], p  .0012), and had lower risk of 
mortality scores (PRISM III 4.3  6.4 vs. 
4.7  6.8, p  .001). Fewer patients were 
admitted from the inpatient wards (7.4% 
vs. 11.4%,  0.001), and more patients 
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from the operating suite after surgery 
(23.6% vs. 16.9%, p  .001). Fewer 
patients were admitted during nighttime 
(46.1% vs. 58.3%, p  .001). In addition, 
PICU readmission was more common 
during same hospital admission (5.1% 
vs. 4.4%, p  .025), or as a new hospital 
admission (36.6% vs. 29.6%, p  .001).

Primary Outcome: Duration of 
Mechanical Ventilation. The dura-
tion of invasive mechanical ventilation 
was median 33 hrs (IQR 12–88 hrs) 
during the 24-hr  in- hospital attend-
ing coverage, and median 48 hrs (IQR 
16–133 hrs) during the 12-hr attending 

coverage (Table 3). The duration was 
33.8% shorter (95% CI 26.7–40.2, p  
.001) during 24-hr  in- hospital attending 
coverage compared to 12-hr attending 
coverage. This effect remained similar in 
multivariate analysis (reduction: 34.8% 
[95% CI 24.5–43.7], p  .001). Neither 
nighttime admission, nor the interaction 
term of nighttime admission and 24-hr 
 in- hospital attending coverage were sig-
nificant covariates for this multivariate 
model (coefficients: 0.90, 95% CI 0.81–
1.02, p  .09, coefficient: 1.18, 95% CI 
0.97–1.44, p  .098, respectively) (Table 
4). This indicated that the effect of 24-hr 

 in- hospital attending coverage on reduc-
tion of mechanical ventilation hours was 
similar for both daytime and nighttime 
admissions.

Secondary Outcomes. The median 
duration of PICU stay was 2 days (IQR 
1–4 days, mean 4.7 days) during 24-hr 
 in- hospital attending coverage versus 2 
days (IQR 1–5 days, mean 4.3 days) dur-
ing 12-hr attending coverage. Both the 
Wilcoxon  rank- sum test and the multivar-
iable ordinal logistic regression adjusting 
for patient level covariates demonstrated 
that the 24-hr  in- hospital attending cover-
age was associated with shorter duration 
of PICU stay (p  .001 for both). ICU mor-
tality was 2.2% (n  188) for the 24-hr 
 in- hospital attending coverage and 2.5% 
(n  253) for 12-hr attending coverage 
(odds ratio 0.89, 95% CI 0.73–1.08, p  
.21) (Table 2). After adjusting for patient 
level covariates including PRISM III, the 
ICU mortality was not significantly differ-
ent with a standardized mortality ratio: 
12-hr coverage: 0.43, 24-hr coverage: 
0.44 (odds ratio 1.27 [95% CI 0.86–1.86],  
p  .23).

Sensitivity Analysis. The effect of 
24-hr  in- hospital attending coverage 
on the duration of mechanical ventila-
tion remained unchanged in a sensitivity 
analysis that included only ICU survivors 
(reduction: 33.5% [95% CI 22.9–42.7], 
p  .001) (Table 3). The effect of 24-hr 

Table 1. Demographics

12-hr  In- Hospital Attending 
Coverage (Traditional) N  10,182

24-hr  In- Hospital Attending 
Coverage (New) N  8,520 p

Age (year, median, interquartile range) 6.0 (1.7–13.4) 5.5(1.4–13.3) .0012
Gender (%Male) 58.2% 58.6% .58
Admission
 Transfer from inpatient floor 11.4% 7.4%  .001
 Postsurgical 16.9% 23.6%  .001
 Postcardiopulmonary resuscitation 1.5% 1.5% .73
 Chromosomal abnormality 0.7% 0.6% .41
 Diabetes 1.2% 1.4% .24
 Malignancy 4.7% 4.1% .039
Time of PICU admission
 Day (7:00 am–6:59 pm) 41.7% 53.9%  .001
 Night (7:00 pm–6:59 am) 58.3% 46.1%
Day of PICU admission
 Weekday (Monday–Friday) 79.8% 81.3% .009
 Weekend (Saturday, Sunday) 20.2% 18.7%
Pediatric Risk of Mortality III in 24 hrs
 Mean  sd 4.7  6.8 4.3  6.4 .001a

 Median, interquartile range (2:0–7) (2:0–6)
Previous PICU admission
 During same hospital admission 4.4% 5.1% .025
 As a separate hospital admission 29.6% 36.6%  .001

PICU, pediatric intensive care unit.
ap  .001 based on both parametric (Student’s t) and non parametric (Wilcoxon rank-sum) tests.

Table 2. Pediatric intensive care unit length of stay and duration of mechanical ventilation

Year

Number 
of 

Admission

Intensive Care Unit Length of 
Stay (days) Duration of Mechanical Ventilation (hrs)

Mean  sd

Median 
(Interquartile 

Range)
Number of 

Patients Mean  sd

Median 
(Interquartile 

Range)

2000 2450 4.7  7.9 2 (1–5) 630 128  243 48 (16–129)
2001 2656 4.8  11.1 2 (1–4) 597 139  268 48 (15–146)
2002 2692 4.6  12.6 2 (1–4) 609 121  246 42 (14–126)
2003 2631 4.8  10.0 2 (1–5) 700 124  238 51 (22–131)
2004 2921 4.0  7.3 2 (1–4) 487 57  173 24 (10–56)
2005 2905 4.4  9.7 2 (1–4) 427 129  401 44 (15–115)
2006 2937 4.4  9.4 2 (1–4) 392 114  261 44 (12–120)

The transition from 12-hr attending coverage to 24-hr  in- hospital attending coverage occurred 
from December 2003 to January 2004.
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 in- hospital attending coverage was further 
evaluated in various subgroups (Table 5).  
The reduction of ventilation hours was 
similar regardless of the severity of illness, 
 post- surgical status, and history of previ-
ous ICU admissions. The reduction was 
not observed in patients transferred from 
the inpatient wards. For the period which 
we had the data available to perform 
analysis to include  non- invasive mechani-
cal ventilation in the overall ventilation 
hours (years 2003–2006), the analysis 
revealed a similar reduction of mechanical 
ventilation hours (reduction 33.4%, 95% 
CI 19.7–44.7, p  .001). This result sug-
gested that the reduction in duration of 
mechanical ventilation did not occur due 

to increased use of  non- invasive mechani-
cal ventilation. As the ventilation hours in 
year 2004 were substantially fewer com-
pared to other years, we also conducted 
a sensitivity analysis and analyzed the 
ventilation hours without year 2004. The 
results were unchanged with or without 
the year 2004 data excluded (Table 5).

DISCUSSION

Although many middle to large size 
PICUs have changed to 24-hr  in- hospital 
board certified/board eligible pediatric 
critical care attending physician cover-
age, the clinical impact of this transition 
is unclear (16–21). Our study found that 
the change to 24-hr,  in- hospital pediatric 

critical care attending physician cover-
age was associated with shorter duration 
of mechanical ventilation, and shorter 
length of ICU stay. Furthermore, this new 
coverage pattern improved process of 
care across a broad spectrum of prospec-
tively designated high risk populations, 
including nighttime admissions, weekend 
admissions, and repeated ICU admissions, 
but not for the patients transferred from 
the inpatient floor.

The impact of 24-hr,  in- hospital 
attending physician coverage system has 
been evaluated in several adult reports. In 
one adult observational study, transition 
to 24-hr, non trainee intensivist coverage 
was significantly associated with improved 
survival outcomes (5). This was a single 
center study performed in an adult ICU in 
the United Kingdom. They demonstrated 
improved standardized mortality ratio 
(24-hr intensivist: 0.81 vs. non intensivist: 
1.11, ratio 0.73 [95% CI 0.55–0.93]). ICU 
length of stay did not change. Another 
adult single center observational study 
showed that implementation of overnight 
attending physician presence in addition 
to ICU senior (fellow-level) trainee was 
associated with decreased non adherence 
to clinical guidelines (from 24% to 16%, 
p  .002) and decreased hospital length of 
stay (−1.4 days [95% CI −0.3 to −2.5]) (6). 
Despite these process improvements, nei-
ther the adjusted ICU length of stay nor 
mortality changed.

One observational study in a medium 
income developing country showed that 
the transition to 24-hr attending cover-
age was associated with a large decrease 
in mortality (odds ratio 0.23: 95% CI 
0.07–0.77) and PICU length of stay (6.8  
10.3 vs. 4.0  5.6, p  .001 (8)). No other 
process of care measures was reported 
in their study. Our study did not show 

Table 3. Duration of mechanical ventilation, length of intensive care unit and hospital stay (unadjusted and adjusted)

12-hr   
In- Hospital 
Attending 
Coverage

24-hr   
In- Hospital 
Attending 
Coverage

Unadjusted (95% Confidence 
Interval)

Adjusteda (95% Confidence 
Interval)

(Traditional) (New) Effect size p Effect size p

Mechanical Ventilation % reduction % reduction
Duration (hr: median, interquartile range) 48 (16–133) 33 (12–88) 33.8 (26.7–40.2)  .001 34.8 (24.5–43.7)  .001
Duration (among survivors) 47 (16–126) 32 (12–81) 33.5 (26.2–40.1)  .001 33.5 (22.9–42.7)  .001

Odds ratiob Odds ratiob

Length of pediatric intensive care unit stay (day)c 2 (1–5) 2 (1–4) 0.89 (0.87–0.92)  .001 0.73 (0.67–0.79)  .001

aAnalysis adjusted for time of admission, Pediatric Risk of Mortality III score (24 hours), readmission to pediatric intensive care unit (PICU) during same 
hospitalization, history of previous PICU admission, age, sex, postsurgical status, diabetes, postcardiopulmonary resuscitation, chromosomal abnormality, 
weekday/weekend admission; bbased on ordinary logistic regression for PICU length of stay; clength of stay for PICU is truncated at every 24 hrs (e.g., 24 
hrs  1 day, 48 hrs  2 days).

Table 4. Effect of 24-Hr  in- hospital attending pediatric critical care physician coverage on duration of 
mechanical ventilation: Multivariate analysis

Variable

Coefficient 
(times longer 

ventilation hours)
95% Confidence 

Interval p

24-hr attending coverage 0.65 0.56–0.76  .001
Nighttime admission
(7:00 pm–6:59 am) 0.90 0.81–1.02 .09
24-hr attending coverage 3 nighttime 

admission (interaction term)
1.18 0.97–1.44 .098

Weekend admission 1.08 0.96–1.22 .18
Admission
 Transfer from inpatient floor 1.18 0.99–1.39 .058
 Postsurgical 0.76 0.66–0.87  .001
 Postcardiopulmonary resuscitation 1.15 0.88–1.49 .302
 Chromosomal abnormality 1.95 1.27–3.01 .002
 Diabetes 0.50 0.20–1.27 .144
 Malignancy 1.12 0.86–1.46 .395
Pediatric Risk of Mortality III in 24 hrs 1.05 1.04–1.05  .001
Previous pediatric intensive care unit admission
 During same hospital admission 1.25 1.00–1.57 .048
 As a separate hospital admission 1.54 1.40–1.71  .001

Model based on multivariate liner regression with the  log- transformed duration of mechanical 
ventilation as the dependent variable. F(17, 3555)  30.53, R2 0.1274 , p  .0001. Model also adjusted 
for age and gender.
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improvement in mortality, although the 
process of care (i.e., duration of mechani-
cal ventilation and length of ICU stay) 
improved substantially with transition 
to 24-hr  in- hospital PICU. As per our a 
priori analysis plan, we felt that the low 
adjusted ICU mortality in the preinter-
vention period with 12-hr,  in- hospital 
PICU attending coverage (2.2%) would 
preclude any expectation for improved 
survival outcome with this sample size.

Our study showed a substantial 
 one- third reduction in mechanical ven-
tilation hours with institution of 24-hr, 
 in- hospital ICU attending coverage, even 
after careful adjustment for  patient- level 
factors including postoperative admission 
status. For example, this would result in a 
16 hr reduction of mechanical ventilation 
for a child who would have been mechan-
ically ventilated for 48 hrs in the 12-hr, 
attending PICU coverage period. This 
process of care change is clinically impor-
tant since the duration of mechanical 
ventilation is associated with intensity of 
ICU care, resource utilization, and known 
ICU complications. Those complications 
include ventilator associated pneumonia, 
atelectasis, pneumothorax, subglottic ste-
nosis, and narcotic and sedative tolerance 
that require prolonged weaning (22–26). 
It is not clear why we did not observe a 

decrease in ventilation hours in patients 
from the inpatient floor. This group is 
sicker with longer duration of mechanical 
ventilation (PRISM III: mean 6.3, dura-
tion of mechanical ventilation: median 
59 hrs). We speculate patient’s respira-
tory condition dictated the duration of 
mechanical ventilation more than the 
provider factors in this population.

Previous studies have found that night-
time admission to PICUs is associated with 
higher mortality rates (11, 19). In one of 
these studies, the nighttime admissions 
had higher PRISM III scores than daytime 
admissions (11). These authors showed 
that severity  risk- adjusted mortality rates 
were not different for nighttime admis-
sions compared with daytime admissions, 
and they felt that the lack of differences 
in mortality could be attributed to 24-hr, 
 in- hospital attending coverage at their 
PICU (11). One study showed the con-
trary: the  severity- adjusted mortality was 
less and length of PICU stay was shorter 
among the patients admitted during 
nighttime without 24-hr ICU attending 
physician coverage in a single, 12-bed 
PICU with 700 admissions per year (20). 
In this study, patients admitted during 
the nighttime were not more ill com-
pared to the daytime, which is different 
from other studies including ours. Their 

 attending- level intensivists lived within a 
15-min distance from the ICU, which is 
not the case in many ICUs, and they were 
present in the ICU on demand during the 
nighttime. Although our study focused on 
duration of mechanical ventilation and 
duration of ICU stay rather than mortal-
ity, it is noteworthy that the improvement 
in process of care was consistently 
observed for both daytime and nighttime 
admissions. We speculate that nighttime 
 in- hospital attending presence may benefit 
patients after both daytime and nighttime 
admissions because such patients con-
tinue to have ongoing, around- the- clock 
acute critical care needs. Specifically, we 
speculate having 24-hr attending cover-
age resulted in continuous weaning of 
mechanical ventilation and timely extu-
bation. PICU attending 24-hr coverage is 
associated with shorter ICU stay even after 
adjustment for severity of illness (PRISM 
III). However, our database did not specifi-
cally track the patient transfers during the 
nighttime (7:00 pm–6:59 am) that resulted 
in readmission.

Our study did not address the edu-
cational or financial impact of 24-hr 
attending physician coverage. With the 
24-hr ICU attending physician coverage, 
more direct supervision by an attend-
ing physician for residents and fellows 
has occurred. It is natural to speculate 
that more bedside education has been 
provided at nighttime by attending physi-
cians, but this was not measured. A future 
study should address trainees’ autonomy 
and decision making skills, and should 
examine whether the prevalence of pro-
cedural complications has reduced with 
more direct supervision by nighttime 
attending physician coverage. It is diffi-
cult to speculate the financial impact of 
24-hr attending coverage. The number 
of additional faculty that is necessary to 
transition to 24-hr coverage varies across 
ICUs. Therefore, it is difficult to calculate 
the actual increase in cost for the hospital 
to transition to 24-hr attending coverage 
system. One recent study in adult surgi-
cal ICU reported that 24-hr attending 
physician coverage increased revenue by 
collecting previously unbilled Evaluation 
and Management billing after hours (27). 
They concluded this would not be suffi-
cient to cover the cost of hiring a surgical 
attending physician to cover their 44-bed 
surgical ICU at nighttime, but could 
complement the increased cost. On the 
other hand, from patients’ perspective, 
one study showed that the 24-hr inten-
sivist coverage in adult ICU resulted in  

Table 5. Sensitivity analysis for the effect of 24-hr,  in- hospital pediatric critical care attending 
physician coverage on duration of mechanical ventilation

Stratification
% Reduction in 

Ventilation Hours
95% Confidence 

Interval p

Original model 34.8% 24.5–43.7  .001
Severity of illness (Pediatric Risk of Mortality  

 III score in 24 hrs)
 Below median 35.2% 16.5–49.7 .001
 Above median 36.6% 23.7–47.3  .001
Postsurgical state
 Non postsurgical 32.8% 20.8–43.1  .001
 Postsurgical 44.3% 22.8–59.8  .001
Transfer from inpatient floor
 Not from inpatient floor 38.7% 28.6–47.5  .001
 From inpatient floor 28.2% 283.5 to 36.2 .769
Pediatric intensive care unit admission
 First pediatric intensive care unit admission 34.6% 17.3–48.3  .001
 History of previous admission 36.9% 23.1–48.2  .001
Model includes noninvasive mechanical 

ventilation
33.4% 19.7–44.7  .001

Analysis with multivariate liner regression model with the  log- transformed duration of mechanical 
ventilation as a dependent variable.

Adjusted for time of admission, Pediatric Risk of Mortality III score (24 hrs), readmission to 
pediatric intensive care unit during same hospitalization, readmission to pediatric intensive care unit 
as a new hospitalization, age, gender, postsurgical status, diabetes, postcardiopulmonary resuscitation, 
chromosomal abnormality, weekday/weekend admission except for the stratifying variable in each 
strata. Analysis limited to 2003–2006 year. Noninvasive mechanical ventilation data before 2003 was not 
available.
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a 60% cost reduction for patients admit-
ted at night compared to the  pre- period 
without 24-hr coverage (7). In our study, 
the reduction of the cost for patients was 
also achieved from the decreased duration 
of mechanical ventilation as well as from 
the decreased length of stay, but we did 
not quantify this financial impact.

Our study results should be inter-
preted cautiously with respect to the 
following limitations. This is a single 
center study with a before and after 
design. Such a design is susceptible to 
biases from patient population, system, 
and environmental change over time. 
For example, we observed an increased 
number of younger patients and postsur-
gical patients during the 24-hr  in- hospital 
attending period, and this cohort had 
a lower severity of illness by  PRISM- III 
scores. With this in mind, we adjusted 
for those patient level covariates using 
multivariate regression analysis, and our 
primary findings of shorter duration of 
mechanical ventilation and shorter length 
of ICU stay were unchanged. Table 2 also 
suggests the effect of 24-hr,  in- hospital 
attending coverage started in year 2004. 
Another notable limitation is that our 
PICU had 24-hr,  in- hospital PICU fel-
low coverage during the 12-hr attending 
control period. Perhaps the association 
we demonstrated would have been more 
impressive if there was not an  in- hospital 
fellow ( post- graduate year 4–7) available 
in the control period. Our study popu-
lation included patients with chronic 
respiratory failure and tracheostomies 
who were on mechanical ventilator sup-
port 24 hrs prior to ICU admission. This 
inclusion would be expected to diminish 
the potential to detect a reduced dura-
tion in mechanical ventilation. Despite 
this bias, our result showed a substantial 
reduction in the duration of mechanical 
ventilation.

CONCLUSIONS

We demonstrated that the transi-
tion from a 12-hr to a 24-hr,  in- hospital 
pediatric critical care attending physi-
cian coverage model was associated 
with shorter duration of mechanical 

ventilation and shorter ICU stay in a large 
tertiary academic PICU.
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