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a b s t r a c t
Purpose: Prior studies report that weekend admission to an intensive care unit is associated with increased
mortality, potentially attributed to the organizational structure of the unit. This study aims to determine whether
treatment of hypotension, a risk factor for mortality, differs according to level of stafﬁng.
Methods: Using the Multiparameter Intelligent Monitoring in Intensive Care database, we conducted a
retrospective study of patients admitted to an intensive care unit at Beth Israel Deaconess Medical Center who
experienced one or more episodes of hypotension. Episodes were categorized according to the stafﬁng level,
deﬁned as high during weekday daytime (7 AM–7 PM) and low during weekends or nighttime (7 PM–7 AM).
Results: Patients with a hypotensive event on a weekend were less likely to be treated compared with those
that occurred during the weekday daytime (P = .02). No association between weekday daytime vs weekday nighttime
stafﬁng levels and treatment of hypotension was found (risk ratio, 1.02; 95% conﬁdence interval, 0.98-1.07).
Conclusion: Patients with a hypotensive event on a weekend were less likely to be treated than patients with
an event during high-stafﬁng periods. No association between weekday nighttime stafﬁng and hypotension
treatment was observed. We conclude that treatment of a hypotensive episode relies on more than solely
stafﬁng levels.
© 2016 Elsevier Inc. All rights reserved.

1. Introduction
In the last decade, there has been emerging interest in the efﬁcient
allocation of health care resources to critically ill patients. One area of
research has focused on the organizational structure of intensive care
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units (ICUs) and whether having more or less staff on duty affects patient outcomes. A recent meta-analysis demonstrated an increased
risk of death for patients admitted to an ICU over the weekend [1].
They attributed this ﬁnding to the organizational structure and stafﬁng
differences on the weekend as compared with the weekday. Another
study that examined intensivist coverage reported a higher mortality
rate for those patients admitted to an ICU with low-intensity stafﬁng,
deﬁned as either no intensivist coverage or elective intensivist consultation [2]. However, other studies have recently questioned the beneﬁt of
increased off-hour intensivist coverage [3]. Wallace et al [4] examined
the organizational structure of 49 ICUs and found a mortality beneﬁt associated with nighttime intensivist coverage for ICUs with low-intensity
daytime coverage but not for ICUs with high-intensity daytime stafﬁng.
This ﬁnding was corroborated by a single-center, prospective trial in the
medical ICU of an academic medical center that demonstrated no
mortality beneﬁt from overnight intensivist coverage [5]. An emerging
body of literature suggests that the intensity of ICU stafﬁng may reduce
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the risk of mortality, although the physiological evidence for this association remains unclear. In addition, the association between hypotension
and mortality, presumed to be secondary to organ dysfunction, is well
established in the trauma literature [6,7]. We are unaware of published
literature evaluating whether one possible cause of mortality, hypotension, is associated with stafﬁng levels.
We aimed to further explore the association between stafﬁng and
patient care by investigating whether the management of sustained
hypotension is associated with the level of ICU stafﬁng. If a physiologic
intervention were associated with stafﬁng levels, it could have farreaching implications for clinical management. We hypothesized that
hypotension occurring during low-stafﬁng periods would be associated
with a reduced likelihood of hypotension treatment.
2. Methods

15

outcomes included treatment with ﬂuid resuscitation, or vasoactive
therapy only. Fluid resuscitation was deﬁned as one or more infusions
of either a bolus of isotonic crystalloid of at least 250 mL or any nonzero
volume of colloids. Vasoactive therapy was deﬁned as the initiation of or
increase in dosage of any vasoactive agent during the HE. The following
vasoactive agents were considered: dobutamine, dopamine, epinephrine, norepinephrine, phenylephrine, and vasopressin.
The following variables were considered potential confounders and
assessed for inclusion in the models: age, sex, Elixhauser Comorbidity
Index for in-hospital death [9,10], Simpliﬁed Acute Physiologic Score
(SAPS) I (a predictor of mortality for critically ill patients), MAP in the
3-hour period immediately prior to HE onset, total volume of urine
output in the 3-hour period immediately prior to HE onset, last serum
creatinine level prior to and within 24 hours of the HE onset, the total
volume of ﬂuids (normal saline or lactated ringer) given to the patient
between ICU admission and HE onset, and service type on admission.

2.1. Patient cohort
2.3. Statistical analysis
This was a retrospective cohort study of patients admitted to ICUs at
Beth Israel Deaconess Medical Center (BIDMC) in Boston, Mass, from
2001 through 2008. Patient data were extracted from the Multiparameter Intelligent Monitoring in Intensive Care II database [8] (version 2.6),
which is a publicly available, deidentiﬁed ICU database developed
jointly by the Massachusetts Institute of Technology, BIDMC, and Philips
Healthcare. The institutional review board at BIDMC approved the study
protocol with a waiver of informed consent.
Eligibility criteria included age greater than 15 years; admission to
the medical ICU, surgical ICU, coronary care unit, or cardiac surgery recovery unit; at least one hypotensive episode (HE) during the ICU admission; and complete data for potential confounders. We excluded
patients with a do-not-resuscitate or do-not-intubate order in effect at
any time during their ICU admission. An HE was identiﬁed using mean
arterial pressure (MAP) measurements recorded using invasive arterial
catheters or noninvasive sphygmomanometers. If both measurement
techniques were available for the same time point, invasive measurements were analyzed. In general, both types of MAP measurements
were recorded every 10 to 15 minutes. The beginning of an HE was
deﬁned as the time of the ﬁrst of 2 consecutive MAP measurements
less than 60 mm Hg, preceded by 2 consecutive MAP values greater
than or equal to 60 mm Hg. The end of the HE was deﬁned as the time
of the ﬁrst of 2 consecutive MAP measurements greater than or equal
to 60 mm Hg, after the beginning of the HE.
2.2. Study variables and outcomes
The primary exposure was stafﬁng level at the onset of the HE.
Weekday daytime (7AM to 7PM) was considered a high-stafﬁng
period, whereas weekday nighttime (7PM to 7 AM), weekend
daytime, and weekend nighttime were considered as 3 distinct periods
of low-stafﬁng.
Throughout the study period, core stafﬁng at BIDMC typically
consisted of 5 nurses for 8 patients, allowing for 2 of those patients
to have a 1:1 patient to nurse ratio, whereas less acute patients had
a 2:1 ratio. This core nursing staff structure was the same for all 4 exposure periods.
During weekday daytime, the high-stafﬁng period, each ICU was
staffed with a resource nurse and unit-based educator, as well as 1
attending, 3 residents, and often a fellow. Weekend daytime stafﬁng
consisted of the primary attending and fellow for each unit present for
morning rounds and then available by telephone, and 1 in-house resident per unit. During both weekday nighttime and weekend nighttime,
the primary attending was available by telephone, there was 1 in-house
resident for each unit, and there was 1 overnight in-house attending to
cover all units. Weekends (both daytime and nighttime) are staffed
with the same core nursing staff that staffs the units during the week.
The primary outcome of interest was any HE treatment; secondary

We used modiﬁed Poisson regression with robust error variance,
which accounts for the repeated HE episodes in the same individual,
to estimate the risk ratio (RR) and 95% conﬁdence interval (CI) for the
association between stafﬁng intensity and each of the primary outcomes: ﬂuid resuscitation, vasoactive therapy, and any HE treatment
[11]. We then used multivariable models to assess the inﬂuence of all
potential confounders listed above and retained those variables that
had an appreciable effect on the association. Consequently, the ﬁnal
models were adjusted for age, SAPS I, number of blood pressure measurements per hour, minimum blood pressure during the HE, hours
since ICU admission, and mean blood pressure 3 hours before the HE
[12]. For all regression models, P values less than .05 were considered
statistically signiﬁcant. All statistical analyses were performed using
SAS 9.3 (SAS Institute, Cary, NC).
3. Results
Fig. 1 depicts how we applied our exclusion criteria to the
Multiparameter Intelligent Monitoring in Intensive Care II patient
population of 32 426 to arrive at 6446 eligible patients. The study
population had a slightly larger proportion of men (54.3%), a mean
age of 66.7 ± 15.9 years, and a mean Elixhauser Comorbidity Index of
2.6 ± 5.5 (Table 1). There were 21 003 HEs, with a mean of 2.6 ± 3.4
HEs per patient during the ICU stay. The mean MAP during HEs was
58.8 ± 3.9 mm Hg, whereas the mean minimum MAP during HEs was
51.9 ± 5.6 mm Hg.

Fig. 1. Exclusion criteria applied to the Multiparameter Intelligent Monitoring in Intensive
Care patient database.
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Table 1
Characteristics of patient cohort

Table 3
Treatment for patients according to stafﬁng period at the time of the HE
Entire cohort (n = 6446)

Male
Age (y)
SAPS I
Number of HEs per patient
Creatinine before HE (mg/dL)
Creatinine after HE (mg/dL)
Service on admission
Cardiac care
Cardiac surgery
Medical
Surgical
Mixed medical-surgical
Elixhauser Comorbidity Index
28-d Elixhauser Comorbidity Index

3500 (54.3)
66.7 ± 15.9
14.8 ± 5.3
2.6 ± 3.4
1.4 ± 1.4
1.5 ± 1.5

Entire cohort
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime
Surgical ICUs
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime
Medical ICUs
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime

1091 (16.9)
1925 (29.9)
1977 (30.7)
1376 (21.4)
77 (1.3)
2.6 ± 5.5
3.8 ± 5.8

Values are presented as n (%) or mean ± SD.

Treated

Vasoactive therapy

Fluid resuscitation

7276 (34.6)
2663 (36.0)
2790 (35.0)
905 (32.6)
918 (32.1)
4040 (38.3)
1552 (39.9)
1559 (39.6)
462 (34.0)
467 (34.2)
3236 (31.0)
1111 (31.6)
1231 (30.5)
443 (31.2)
451 (30.3)

5188 (24.7)
1903 (25.7)
1955 (24.5)
660 (23.8)
670 (23.5)
3007 (28.5)
1153 (29.6)
1160 (29.5)
341 (25.1)
353 (25.9)
2181 (20.9)
750 (21.4)
795 (19.7)
319 (22.5)
317 (21.3)

3195 (15.2)
1192 (16.1)
1260 (15.8)
360 (13.0)
383 (13.4)
1720 (16.3)
697 (17.9)
657 (16.7)
177 (13.0)
189 (13.9)
1475 (14.1)
495 (14.1)
603 (15.0)
183 (12.9)
194 (13.0)

Values are presented as n (%). The surgical ICUs include the cardiac surgery and surgical
ICUs. The medical ICUs include the cardiac care, medical, and mixed medical-surgical ICUs.

Table 2 stratiﬁes the study population by the 4 distinct stafﬁng periods at the time of HE onset. Patients who experienced an HE during
low-stafﬁng periods as compared with high-stafﬁng periods were
more likely to have a longer duration of HE, fewer blood pressure measurements per hour, and less urine output in the 3 hours before the HE.
Among all HEs during this study period, 65.4% were never treated.
Table 3 demonstrates that treatment was more likely to occur during
the high-stafﬁng period than during the 3 low-stafﬁng periods and
that the likelihood of treatment during the weekday nighttime was
most similar to that of the weekday daytime, which was the period of
high-stafﬁng. In addition, Table 3 shows that, overall, treatment was
more common in the surgical ICUs than in the medical ICUs.
Patients with an HE during the weekend daytime were signiﬁcantly
less likely to receive any hypotensive treatment compared with those
who experienced an HE during the weekday daytime (adjusted RR,
0.93; 95% CI, 0.87-0.99). This association appeared to be driven by the
decreased likelihood of ﬂuid resuscitation during the weekend daytime
compared with weekday daytime (RR, 0.81; 95% CI, 0.72-0.92). Similar
associations were observed when comparing weekday nighttime to
the high-stafﬁng period. When comparing weekday daytime and weekday nighttime, we did not ﬁnd an association with the likelihood of any
hypotensive treatment (RR, 1.02; 95% CI, 0.98-1.07), vasoactive therapy,
or ﬂuid resuscitation (Table 4).
In our subgroup analysis, we did not observe signiﬁcant differences
in treatment of hypotension during weekday daytime compared with
weekday nighttime in either the medical or surgical ICUs, consistent
with what we observed in the full cohort (Table 5). When restricting
to surgical ICUs, we observed the same decreased risk of any hypotension treatment and ﬂuid resuscitation when comparing both weekend
daytime and weekend nighttime with the high-stafﬁng period in multivariable analyses. In contrast, in the medical ICUs, there was no association between stafﬁng level and treatment of HE.

4. Discussion
In this large, retrospective study of patients admitted to the ICU, we
found that patients who were hypotensive during the weekend daytime
and weekend nighttime, periods with low stafﬁng, were less likely to
receive treatment compared with the weekday daytime high-stafﬁng
period. This association was driven by ﬂuid resuscitation; no association
was observed for vasoactive therapy. However, we did not ﬁnd
an association between likelihood of treatment of HEs during the
weekday nighttime, another low-stafﬁng period, compared with
weekday daytime.
To our knowledge, this is the ﬁrst study that examines how the
delivery of care in an ICU may depend on the time an event occurs.
Although several studies have examined the association between low
and high stafﬁng during admission to an ICU and mortality, our results
may provide physiologic evidence for these studies. Further studies
are required in order to elucidate the relationship between stafﬁng
levels, hypotension treatment, and mortality.
Our results show that the likelihood of HE treatment was similar for
weekday daytime and weekday nighttime, which is contrary to our hypothesis. If our observations regarding HE treatment were due strictly to
stafﬁng levels at the time of an HE, we would expect the incidence of
treatment to be similarly low during the weekday nighttime and weekend nighttime, when stafﬁng levels are comparable. This is an interesting result, which may indicate that ICU intensivist and nurse stafﬁng
levels are not the only factors contributing to increased ICU mortality
on weekends. A possible explanation is that a given ICU attending
and/or nurse manager spends a full shift in the ICU on a weekday,
allowing them to observe a patient for a longer period and to create a
more thorough plan of care for the nighttime resident and nurses, as
compared with the weekend when the attending is only in the ICU for

Table 2
Characteristics of patients according to stafﬁng period at the time of the HE
Characteristics

Entire cohort
(n = 21 003)

Weekday daytime
(n = 7402)

Weekday nighttime
(n = 7967)

Weekend daytime
(n = 2778)

Weekend nighttime
(n = 2856)

Time since ICU admission (h)
HE duration (min)
No. of blood pressure measurements per hour
Mean MAP before HE (mm Hg)
Total urine output 3 h before HE (mL)
Total volume of ﬂuids given before HE (L)
Mean MAP during HE (mm Hg)
Minimum MAP during HE (mm Hg)

169.2 ± 282.8
174.1 ± 209.8
3.6 ± 4.6
69.7± 9.3
334.3 ± 406.7
4.2 ± 6.7
58.8 ± 3.9
51.9 ± 5.6

174.7 ± 289.5
162.6 ± 190.3
4.1 ± 5.2
70.0 ± 9.3
347.7 ± 400.1
4.3 ± 6.8
58.8 ± 4.1
51.7 ± 5.7

162.7 ± 279.1
178.8 ± 193.4
3.4 ± 4.2
69.4 ± 8.9
335.5 ± 464.2
4.1 ± 6.9
58.8 ± 3.9
52.0 ± 5.5

180.1 ± 295.1
177.0 ± 272.8
3.5± 4.4
69.7 ± 9.0
301.2 ± 298.3
4.3 ± 6.6
58.7 ± 3.8
51.9 ± 5.8

162.7 ± 261.7
188.1± 228.9
3.2 ± 3.8
69.6 ± 10.8
328.4 ± 332.6
4.2 ± 5.8
58.8 ± 3.7
52.0 ± 5.5

Values are presented as n (%) or mean ± SD.
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Table 4
Risk of hypotension treatment among patients according to stafﬁng period

Unadjusted
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime
Adjusteda
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime

Treated, RR (95% CI)

P

Vasoactive therapy, RR (95% CI)

P

Fluid resuscitation, RR (95% CI)

P

1.00 (reference)
0.97 (0.93-1.02)
0.91 (0.85-0.97)
0.89 (0.84-0.95)

–
.21
.003
.001

1.00 (reference)
0.95 (0.90-1.01)
0.92 (0.85-1.00)
0.91 (0.84-0.99)

–
.09
.06
.03

1.00 (reference)
0.98 (0.91-1.06)
0.80 (0.72-0.90)
0.83 (0.75-0.93)

–
.64
.0003
.001

1.00 (reference)
1.02 (0.98-1.07)
0.93 (0.87-0.99)
0.93 (0.87-0.99)

–
.35
.04
.03

1.00 (reference)
1.02 (0.96-1.08)
0.97 (0.89-1.05)
0.99 (0.91-1.07)

–
.57
.42
.80

1.00 (reference)
1.00 (0.92-1.08)
0.81 (0.72-0.92)
0.81 (0.72-0.91)

–
.98
.001
.0003

a
Adjusted for age, SAPS, number of blood pressure measurements per hour, minimum blood pressure during the HE, hours since ICU admission, and mean blood pressure 3 hours prior
to the HE.

morning rounds and there is no nurse manager. In addition, differences
in the treatment of HEs were more prominent in surgical patients as
compared with medical patients. This too may point to differences in
the culture of the ICU. Variations in the treatment of hypotension may
exist across clinical specialties or populations of patients, which are
not due directly to the stafﬁng structure.
While signiﬁcant heterogeneity exists in the way ICUs are staffed,
the weekend is almost uniformly a time with the least resources.
Although the ideal level of stafﬁng would approximate that found
during the weekday, this may not be practical for several reasons. The
additional cost of maintaining weekday stafﬁng levels on the weekend
has been cited as a barrier to implementation [13]. Despite evidence
that 24-hour intensivist coverage leads to improved outcomes and
lower overall cost [14], administrative buy-in may be difﬁcult.
In addition, the relative shortage of intensivists may make full-time
ICU coverage challenging. Whether overnight coverage by nonintensivist
physicians or midlevel providers would reduce morbidity and mortality is
unknown. Smaller community-based hospitals with limited overnight resources may be stretched in attempting to provide this intensity of critical
care service.
Although it is possible that a more stringent deﬁnition of an HE
would result in a greater frequency of treatment, our deﬁnition of
60 mm Hg represents a common threshold that should prompt treatment [15]. If a patient's MAP consistently falls below the goal MAP,

even if by a small margin, nurses will typically act on it, taking into consideration the overall clinical context (ie, mental status, urine output,
and other vital signs). It is possible that for an asymptomatic patient, a
value slightly below the threshold would go untreated.
We were interested to ﬁnd that 65% of HEs as deﬁned in the study
were not treated. This was a rather striking ﬁnding and may be explained by the fact that we included all HEs, including those that occurred when the patient was no longer acutely sick. Blood pressure is
but a surrogate of tissue perfusion, which is critical to organ function.
Clinicians consider markers of tissue perfusion other than blood
pressure in isolation, which may include urine output, mental status,
and serum lactate, when deciding whether to treat an HE. Treatment
of hypotension in the setting of adequate tissue perfusion has been
demonstrated to be potentially harmful [15,16]. It is possible that the
HEs identiﬁed in the study were accompanied by evidence of adequate
tissue perfusion.
Our study is limited by its retrospective nature. This study is also
limited by the data being obtained from a single center; thus, our results
may not generalize to other ICUs. As is noted in several studies, however,
signiﬁcant heterogeneity exists in the organizational structure of an ICU
[17–19]. In our study, one overnight in-house attending covered all of the
ICUs and was available for consultation. Although the weekend is usually
associated with the least amount of stafﬁng, other ICUs may maintain
close to weekday levels on the weekend. The generalizability of our

Table 5
Risk of hypotension treatment among patients according to stafﬁng period, as presented by ICU type

Surgical ICUs
Unadjusted
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime
Adjusteda
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime
Medical ICUs
Unadjusted
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime
Adjusteda
Weekday daytime
Weekday nighttime
Weekend daytime
Weekend nighttime

Treated, RR (95% CI)

P

Vasoactive therapy, RR (95% CI)

P

Fluid resuscitation, RR (95% CI)

P

1.00 (reference)
0.99 (0.94-1.05)
0.85 (0.78-0.93)
0.86 (0.79-0.93)

–
.82
.0002
.0004

1.00 (reference)
1.00 (0.93-1.06)
0.85 (0.76-0.94)
0.87 (0.79-0.97)

–
.89
.002
.01

1.00 (reference)
0.93 (0.84-1.03)
0.73 (0.62-0.86)
0.77 (0.66-0.90)

–
.17
.0001
.001

1.00 (reference)
1.03 (0.98-1.09)
0.90 (0.83-0.98)
0.90 (0.83-0.98)

–
.27
.02
.02

1.00 (reference)
1.04 (0.97-1.12)
0.92 (0.83-1.02)
0.94 (0.85-1.05)

–
.22
.10
.27

1.00 (reference)
0.95 (0.86-1.05)
0.75 (0.63-0.88)
0.79 (0.68-0.92)

–
.29
.001
.003

1.00 (reference)
0.96 (0.90-1.03)
0.99 (0.89-1.09)
0.96 (0.87-1.05)

–
.30
.81
.37

1.00 (reference)
0.92 (0.84-1.01)
1.05 (0.92-1.20)
1.00 (0.88-1.13)

–
.08
.44
.94

1.00 (reference)
1.06 (0.95-1.19)
0.92 (0.77-1.08)
0.92 (0.78-1.09)

–
.32
.30
.34

1.00 (reference)
1.01 (0.94-1.09)
0.98 (0.89-1.09)
0.97 (0.88-1.08)

–
.76
.77
.59

1.00 (reference)
0.98 (0.89-1.08)
1.05 (0.91-1.21)
1.07 (0.94-1.22)

–
.68
.53
.31

1.00 (reference)
1.08 (0.96-1.22)
0.93 (0.78-1.12)
0.85 (0.71-1.01)

–
.21
.45
.07

Patients included in the surgical ICUs subgroup analysis include the cardiac surgery and surgical ICUs. Patients in the medical ICUs include those in the cardiac care, medical, and mixed
medical-surgical ICUs.
a
Adjusted for age, SAPS, number of blood pressure measurements per hour, minimum blood pressure during the HE, hours since ICU admission, and mean blood pressure 3 hours prior
to the HE.
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ﬁndings may also be limited due to the exclusion of patients identiﬁed as
having a do-not-resuscitate/do-not-intubate status at any time during
their admission to the ICU.
In addition, although it is possible that our results are confounded by
time at which the patient was admitted, we adjusted for the patient's
baseline comorbidities (Elixhauser Comorbidity Index) and severity
of illness (SAPS I). However, this may not entirely capture subtle
differences associated with timing of patient admission. Despite these
limitations, our study begins to identify that treatment of an important
physiologic parameter relies on more than stafﬁng levels alone.
5. Conclusion
In conclusion, our study indicates that HEs occurring during the
weekend daytime and weekend nighttime, low-stafﬁng periods, are
less likely to be treated than those with onset during the weekday daytime, a period of high stafﬁng. If this ﬁnding were strictly related to the
level of ICU stafﬁng, we would expect that HEs occurring during the
weekday nighttime, also considered a low-stafﬁng period, would have
a similarly lower likelihood of treatment. In contrast, we found that
the likelihood of treatment was similar during the weekday nighttime
and weekday daytime. This indicates that stafﬁng structure alone does
not affect whether patients who experience an HE receive treatment.
Furthermore, although only postulated, this study suggests that there
may be a hypotension-related mortality beneﬁt to increasing allocation
of intensivist coverage to weekends and not to weekday nights.
Additional studies are needed to investigate possible physiological intermediates that could explain the increased risk in mortality during
weekends in ICUs and to elucidate why the same pattern is not seen
during the weekday nighttime.
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