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ABSTRACT & COMMENTARY

Crystalloid Resuscitation in Sepsis and Septic 
Shock: The Earlier, the Better
By Kathryn Radigan, MD
Attending Physician, Division of Pulmonary and Critical Care, Stroger Hospital of Cook County, Chicago

Dr. Radigan reports no financial relationships relevant to this field of study.

SYNOPSIS: Earlier crystalloid initiation in patients with sepsis and septic shock was associated with decreased mortality.

SOURCE: Leisman DE, Goldman C, Doerfler ME, et al. Patterns and outcomes associated with timeliness of initial crystalloid resuscita-
tion in a prospective sepsis and septic shock cohort. Crit Care Med 2017;45:1596-1606.

Although the most recent Surviving Sepsis 
Campaign (SSC) guidelines authorized  
 completion of 30 mL/kg of IV crystalloid 

within three hours of the recognition of sepsis 
and septic shock, there remains controversy 
regarding the benefits and harms of early, 
aggressive crystalloids, especially in specific patient 
populations. To better understand the patterns of 
early crystalloid resuscitation and determine the 
association between crystalloid resuscitation and 
hospital mortality, mechanical ventilation, ICU 
use, and length of stay, Leisman et al conducted 
a consecutive-sample, observational cohort trial 
across nine hospitals in a single U.S. health system 
from Oct. 1, 2014 through March 31, 2016. 
All adult sepsis and septic shock patients with 

suspected or confirmed infection, two or more 
systemic inflammatory response criteria, and one 
or more organ dysfunction criteria were captured 
in a prospective quality improvement database. 
The primary exposure was crystalloid initiation 
within ≤ 30 minutes, 31-120 minutes, or > 120 
minutes from the time of sepsis identification.

Out of 11,182 patients identified, crystalloid initia-
tion was more timely for patients in the ED (ß, 
-141 minutes; 95% confidence interval [CI], -159
to -125; P < 0.001) and patients with baseline hy-
potension (ß, -39 minutes; 95% CI, -48 to -32;
P < 0.001), fever, urinary, or skin/soft tissue
sources of infection. Resuscitation was slower for
patients with heart failure (ß, 20 minutes; 95% CI,
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14-25; P < 0.001) and renal failure (ß, 
16 minutes; 95% CI, 10-22; P < 0.001). 
A total of 5,336 patients had crystal-
loid initiated in ≤ 30 minutes, 2,388 
patients in 31-120 minutes, and 3,458 
patents in > 120 minutes. Mortality was 
time-dependent, with the lowest mortal-
ity in patients receiving fluids within 30 
minutes (949) vs. 31-120 minutes (446) 
and > 120 minutes (846). Compared to 
patients who received fluid administra-
tion > 120 minutes after the time of 
identification, the adjusted odds ratio 
for mortality was 0.76 (95% CI, 0.64-
0.90; P = 0.002) for ≤ 30 minutes and 
0.76 (95% CI, 0.62-0.92; P = 0.004) 
for 31-120 minutes. When assessed as 
a continuous variable, the time to fluid 
resuscitation was associated with 1.09 
times greater odds of mortality per hour 
increase (95% CI, 1.03-1.16; P = 0.002). 
Earlier fluid administration also was as-
sociated with lower rates of mechanical 
ventilation, ICU use, and length of stay. 
Furthermore, there was no significant 
increased risk of mortality between time 
of fluid administration and baseline heart 
failure, renal failure, hypotension, acute 
kidney injury, altered gas exchange, or 
ED vs. inpatient presentation.

In summary, crystalloid fluid resuscita-
tion was initiated significantly later in 
patients with comorbid heart failure and 
renal failure, in those without fever or 
hypotension, and in patients develop-
ing sepsis while hospitalized. Even with 
consideration of comorbidities and sever-
ity of illness, more timely crystalloid 
initiation was associated with decreased 
mortality.

n COMMENTARY
Severe sepsis accounts for almost 10% of 
all deaths.1 The most recent SSC guide-
lines authorized completion of 30 mL/
kg of IV crystalloid within three hours of 
the recognition of sepsis and septic shock. 
Despite this recommendation, little is 
known regarding the patterns of fluid re-
suscitation and associated outcomes. Leis-
man et al conducted a consecutive-sample 
observational study of 11,182 sepsis and 
septic shock patients. Fluid resuscitation 
was faster for patients who presented to 
the ED, patients who were hypotensive or 
febrile, patients with a higher lactate, and 

patients with urine or soft-tissue infec-
tions. Fluids were delayed in patients with 
heart failure or renal failure, altered gas 
exchange, or those treated at a tertiary 
medical center. Compared to patients 
who waited for fluids for more than 120 
minutes, crystalloid administration in less 
than 30 minutes and 31-120 minutes was 
associated with significantly lower hospi-
tal mortality, mechanical ventilation, ICU 
admission, length of stay, and ICU days.

Interestingly, this study highlights that a 
delay in minutes in the administration of 
fluids made a significant difference for pa-
tients with sepsis and septic shock. Most 
importantly, special attention is needed 
for patients already admitted to the hospi-
tal. Although not addressed in this study, 
the identification of sepsis is paramount 
and often missed by both doctors and 
nurses. For example, in a single-center, 
prospective study, investigators found that 
bedside nurses and ordering providers 
agreed on the presence of infection only 
17% of the time (kappa = 0.12).2 

In addition to timely identification and 
fluid resuscitation of inpatients, clinicians 
also need to be more aggressive with 
patients who experience renal failure, 
heart failure, or relative hypoxia. Patients 
with heart failure and renal failure were 
associated with fluid initiation 20 and 16 
minutes later, and 14 mL/kg and 15 mL/
kg lower volume of crystalloid resuscita-
tion, respectively. 

Although 20% of patients were identified 
as exhibiting altered gas exchange, which 
was defined as a new increase in oxygen 
requirement to maintain oxygen satura-
tion > 90% or a PaO2/FiO2 ratio < 300, it 
would have been more informative to see 
this category further divided according to 
severity of altered gas exchange. It is pos-
sible most of these patients carried low 
oxygen requirements and were at low risk 
for decompensation, especially in the set-
ting of appropriate fluid administration.

Under-resuscitation is an issue and may 
be mitigated not only by more aggressive, 
closely monitored physician interventions 
but also improved by bundle compliance. 
Other institutions have shown that bun-
dle compliance can be improved with the 
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initiation of a multidisciplinary quality improvement 
team that can be key in identifying severe sepsis and 
septic shock, standardizing quantitative resuscita-
tion and triage decisions, and monitoring compliance 
with feedback to the providers. Simulation center 
training targeting sepsis activation and standardized 
treatment protocols also can be helpful in specifically 
targeting patient populations that typically are under-
rescuscitated.3

Although early identification of the patient and 
appropriate fluid administration is vital, it is also 
important that the treatment plan is tailored to the 
specific patient at a specific time point. It is now 
stressed that patients are to be evaluated with mul-
tiple methods of fluid responsiveness that can include 
physical exam, passive leg raise, central venous pres-
sure measurement, and/or bedside ultrasound. Based 
on a combination of these, a clinician should make 
an assessment, develop an appropriate intervention, 
and then follow up on the intervention to ensure 
the patient responded as expected. Obviously, as 
portrayed in this study, patients who appeared to be 
sicker (e.g., hypotensive, elevated lactic acid, febrile) 
often received fluids faster. Similarly, it is also im-
portant to find those who may be under-resuscitated 
initially. Again, it was noted that patients receiving < 
20 mL/kg demonstrated a higher risk of mechanical 
ventilation than patients who received > 35 mL/kg 
within the first six hours of resuscitation. Although 

an explanation for this finding is not detailed in the 
manuscript, this may be because patients who did 
not receive adequate fluids early in resuscitation 
may receive more fluids later in resuscitation, which 
may lead to more mechanical ventilation and poorer 
outcomes. The administration of late fluids in these 
patients may have been diminished if the patients 
were reassessed for signs of fluid responsiveness prior 
to an attempt to “catch up” on fluid resuscitation.

More timely crystalloid initiation was associated 
with decreased mortality. Early resuscitation efforts 
must focus on groups that often are missed, includ-
ing patients with comorbid heart failure and renal 
failure, those without fever or hypotension, and in 
patients who develop sepsis while hospitalized. Fu-
ture studies are necessary to further optimize patient 
outcomes.  n
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ABSTRACT & COMMENTARY

Implementing Noninvasive Ventilation:  
If You Build It, They Will Come
By Richard Kallet, MS, RRT, FCCM
Director of Quality Assurance, Respiratory Care Services, Department of Anesthesia, San Francisco General Hospital

Mr. Kallet reports he is a major stockholder in the Asthma & Allergy Prevention Company, and receives grant/research 

support from Nihon Kohden.

SYNOPSIS: Hospitals that have been highly effective in implementing noninvasive ventilation as front-line therapy for acute exacerbation of 
chronic obstructive pulmonary disease recognized that a combination of allied health autonomy, interdisciplinary teamwork, and devoting 
sufficient resources are essential features for success.

SOURCE: Fisher KA, Mazor KM, Goff S, et al. Successful use of noninvasive ventilation in chronic obstructive pulmonary disease. How do 
high-performing hospitals do it? Ann Am Thorac Soc 2017;14:1674-1681.

This study was based on in-depth interviews 
with 32 “key stakeholders” (15 respiratory care 

practitioners, 10 physicians, and seven nurses) from 
seven institutions recognized as “high performers” 
in the use of noninvasive ventilation (NIV) to 
treat acute exacerbations of chronic obstructive 

pulmonary disease (AECOPD). The research 
methodology employed (“positive deviance”) posits 
that solutions to complex problems can be gleaned 
from extensive interviews that elucidate strategies 
and contextual factors from institutions that have 
overcome barriers to success. Audiotaped interviews 
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were subjected to multiple rounds of thematic 
analysis, which distilled features essential to success 
under the rubrics: processes, structural elements, 
and contextual features.

Identified processes were timely identification of 
AECOPD patients, early initiation of NIV, and the 
ability of clinicians to devote the time necessary to 
ensure sustained compliance with therapy through 
frequent reassessment. Structural features encom-
passed what are essentially economic aspects such 
as the availability of sufficient, appropriate supplies 
placed in proximity to need (e.g., equipment storage 
rooms in the ED). In particular, supplying ventila-
tors specifically designed with NIV capabilities and 
the availability of a wide variety of mask interfaces 
both were crucial in ensuring patient comfort and 
compliance with therapy. Moreover, the allocation 
of sufficient respiratory care staffing to execute 
what is an intensive, time-consuming therapy also 
was critical. Contextual factors included global 
clinician advocacy, respiratory care practitioner 
autonomy, interdisciplinary teamwork, and a com-
mitment to continuing education and training. 
Finally, a systems-level approach was characterized 
by institutional commitment to NIV as a front-line 
therapy signified by advocacy for and development 
of clinician-directed protocols.

n COMMENTARY
Over the past 40 years, there has been tremendous 
flux in the structure and delivery of hospital care 
in terms of economics, regulations, technology, and 
culture. To be fully appreciated, the effect of these 
changes must be viewed from the perspective that 
the practice of medicine is as old as civilization 
itself. Historically, medicine has been based on a 
hierarchical structure. This was impressed on me 
back in the 1970s, when a medical anthropology 
professor pointedly emphasized that hospitals were 
the only civilian enterprise in Western culture run 
on a strict military paradigm.

However, in the mid-1990s an inkling of a para-
digm shift began in what the authors described as a 
“flattening of hierarchy.” In part, this was brought 
about by societal demands for cost containment 
through evidence-based care that demonstrated 
improved patient-centered outcomes. As a conse-
quence, reimbursement for healthcare has begun 
to shift slowly from volume-based to quality-based 
measures. This has necessitated the development of 
standardized protocols/guidelines to drive practice 
and measure outcomes.

One of the results from this confluence of events has 
been the emergence of respiratory care practitioners 

as an integral part of the multidisciplinary team. 
What began in its nascent stage as loading dock 
workers delivering H cylinders of oxygen to the 
wards in the late 1940s evolved into a technical 
specialty coinciding with the advent of critical care 
in the mid-1960s.

By the mid-1980s, the development of 
microprocessor-controlled ventilators and other 
sophisticated respiratory care devices moved the 
profession further, as out of practical necessity 
it precluded other inundated professions from 
gaining mastery. However, until very recently, this 
reality has tended to outpace perceptions within the 
hospital culture.

Beginning in the mid-1990s, large randomized, 
controlled trials increasingly demonstrated the ef-
ficiency of protocolized care for numerous medical 
conditions. An overlooked lesson from the suc-
cessful NHLBI ARDS Network trials was the fact 
that very complex protocols governing mechanical 
ventilation and fluid/vasopressor management were 
executed competently and efficiently by respiratory 
care practitioners and nurses alike. 

As a former ARDSNetwork site coordinator, it was 
deeply gratifying to witness the enthusiasm with 
which these bedside professionals responded to this 
challenge. Similar results have been reported by 
other large protocolized studies examining differ-
ent aspects of care, such as weaning and sedation 
practices and prone positioning for acute respiratory 
distress syndrome.

In this study, Fisher et al affirmed that that giving 
allied health professions autonomy to execute care 
within well-structured, supervised protocols/guide-
lines is an efficient solution to many of the current 
obstacles in providing patient care in an increas-
ingly fractured environment. However, there was 
not enough emphasis in the Fisher et al study on the 
indispensible need for physician and administrative 
leadership to give their full-throated support to this 
endeavor. As alluded to previously, any expectation 
that a culturally ancient and hierarchical entity will 
undergo fundamental transformation readily within 
a few brief decades would be naïve. 

It will take dogged perseverance by those in leader-
ship positions to foster this emerging care paradigm 
and guarantee its success. To paraphrase an old 
movie cliché: “If you build it, they will come.” The 
study by Fisher et al is a very important contribu-
tion that gratifyingly highlights the contributions of 
one particular profession still struggling for its place 
at the table.  n
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ABSTRACT & COMMENTARY

More ICU Care Does Not Equal Better  
Survival for Elderly Patients
By Elaine Chen, MD
Assistant Professor, Department of Internal Medicine, Division of Pulmonary and Critical Care Medicine, Section  
of Palliative Medicine, Rush University Medical Center, Chicago

Dr. Chen reports no financial relationships relevant to this field of study.

SYNOPSIS: Using a systematic strategy for promoting ICU admission for elderly patients resulted in a higher ICU admission rate but the 
strategy produced no effect on six-month mortality.

SOURCE: Guidet B, Leblanc G, Simon T, et al. Effect of systematic intensive care unit triage on long-term mortality among critically ill 
elderly patients in France: A randomized clinical trial. JAMA 2017;318:1450-1459.

With an aging population and growing num-
bers of ICU beds, the question arises as to 

whether the ICU truly is beneficial for this vulner-
able population. To explore this question, a cluster-
randomized, clinical trial was designed to determine 
whether a method of systematic ICU admission 
in critically ill elderly patients reduced six-month 
mortality.

This study, ICE-CUB 2, took place in France from 
2012-2015. Twenty-four hospitals were each ran-
domized to either the control group or intervention 
group. In the intervention group, the researchers 
implemented a program to promote systematic 
ICU admission. This included a direct conversa-
tion between the ED and ICU physicians, bedside 
evaluation by the ICU physician, and a joint deci-
sion regarding admission. Included patients were ≥ 
75 years of age with a critical condition, preserved 
functional and nutritional status, and free of active 
cancer. The primary outcome assessed was six-
month mortality. Secondary outcomes included ICU 
admission rate, hospital mortality, functional status, 
and quality of life at six months. Other second-
ary outcomes included characteristics of the triage 
process.

Over a 39-month period, 1,519 patients from 11 
hospitals were recruited to the systematic strategy 
group and 1,518 patients from 13 hospitals were 
recruited to the standard practice group. The re-
cruitment rate was higher in the systematic strategy 
group, leading to a shorter inclusion period. The 
average age was 85 years, and the patients in the 
systematic group exhibited a higher initial severity 
of illness.

Regarding the primary outcome, the intervention 
group demonstrated a slightly higher six-month 
mortality rate compared to the control group (45% 

vs. 39%; relative risk [RR], 1.16; 95% confidence 
interval [CI], 1.07-1.26; P < 0.001); the statistical 
significance did not remain after adjustment for 
severity of illness (RR, 1.05; 95% CI, 0.96-1.14). 
Regarding secondary outcomes, the ICU admission 
rate was higher in the systematic group compared to 
the standard group (61% vs. 34%; RR, 1.80; 95% 
CI, 1.66-1.95; P < 0.001), and hospital mortality 
was higher in the systematic strategy group (30% 
vs. 21%; RR, 1.39; 95% CI, 1.23-1.57; P < 0.001). 
Comparing patients between the two groups, the 
systematic group exhibited statistically significant 
higher severity of illness and more frequent me-
chanical ventilation. ICU and hospital lengths of 
stay were not different between the groups, nor was 
ICU mortality.

This program to promote systematic ICU admission 
of critically ill elderly patients led to a higher ICU 
admission rate and increased hospital mortality, but 
produced no significant effect on six-month mor-
tality, functional status, or physical health-related 
quality of life. The authors noted that their patient 
selection, which excluded very sick patients, may 
have contributed to lower-than-expected mortality 
rates. The authors surmised that perhaps the higher 
in-hospital mortality rate in the systematic strategy 
group may be related to more frequent withdrawal 
of life-sustaining therapy.

n COMMENTARY
Advanced monitoring and aggressive interventions 
in modern ICUs save many lives. Both ICU beds and 
usage are increasing. However, ICU care also can 
be harmful or even futile.1 Ideal triaging of patients 
would maximize benefit while optimizing cost. 
Admission practices to ICUs vary widely: locally 
among providers (even within a hospital), regionally 
among hospitals, or more broadly based on location 
(urban vs. rural, country by country). This large 
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multicenter study protocolized this decision-making 
process. While defined objective criteria were 
provided, it remained a clinical decision by the 
physicians.

The strategy successfully doubled ICU admis-
sion rates, yet did not affect long-term outcomes. 
The only significant outcome was that in-hospital 
mortality was higher. The authors thoughtfully 
discussed several strengths and limitations of their 
study, acknowledging both benefits and challenges 
because of clustering. Qualitative studies regarding 
reasons for declining admission in the intervention 
group or choice of admission in the control group 
could reveal significant insights into practice. 

Study design of this large, randomized trial was re-
ported previously; this study failed to show benefit 
with increased ICU use in elderly patients.2 Prior 
studies, some showing improvement in mortality 
and others showing no benefit, were observational 
or retrospective in design.3-6 For American physi-
cians, who have easier access to ICUs than the 
French, this study invites more questions: How do 
we reduce or minimize the harm because of exces-
sive ICU use? How do we systematically monitor 

and audit our ICU use to optimize benefit? How can 
we move the question upstream, before ED presen-
tation, to the primary care providers, geriatricians, 
oncologists, and other referring providers? For now, 
we should practice thoughtfully, and await further 
research.  n
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ABSTRACT & COMMENTARY

Urine Output: The New Vital Sign?
By Betty Tran, MD, MSc
Assistant Professor of Medicine, Pulmonary and Critical Care Medicine, Rush University Medical Center, Chicago

Dr. Tran reports no financial relationships relevant to this field of study.

SYNOPSIS: An analysis of a large ICU database showed that hourly monitoring of urine output was associated with improved detection of 
acute kidney injury (AKI) and lower 30-day mortality in patients with AKI.

SOURCE: Jin K, Murugan R, Sileanu FE, et al. Intensive monitoring of urine output is associated with increased detection of acute kidney 
injury and improved outcomes. Chest 2017;152:972-979.

Acute kidney injury (AKI) is common in the  
 ICU and is associated with increased morbidity 

and mortality.1 Although guidelines define AKI by 
both serum creatinine (SC) and urine output (UO) 
criteria, monitoring standards, especially regarding 
UO, vary widely, and it is unclear whether intensive 
monitoring of SC and UO are associated with 
improved outcomes.

Jin et al analyzed data from 15,724 patients after 
applying several exclusion criteria, including his-
tory of chronic dialysis, renal transplant, baseline 
SC > 4, ICU stay, or death within 48 hours of ICU 
admission, and no vasopressor support or mechani-
cal ventilation in 24 hours from ICU admission, to 

a large database of patients admitted to any one of 
eight ICUs at the University of Pittsburgh. Overall, 
4,049 patients received intensive UO monitoring, 
defined as hourly recordings with no gaps > 3 hours 
in the initial 48 hours of ICU admission. A total 
of 12,156 patients received intensive SC monitor-
ing, defined as three calendar days of at least one 
measurement of SC after ICU admission. AKI was 
defined according to the maximum Kidney Disease 
Improving Global Outcomes (KDIGO) criteria 
within seven days of ICU admission using both SC 
and UO criteria and considered moderate-severe as 
defined by KDIGO stage 2-3. Baseline characteris-
tics were similar between all groups that underwent 
intensive vs. less intensive monitoring of SC and 
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UO stratified by stage 2-3 AKI. Intensive monitor-
ing of UO was associated with higher rates of AKI 
(odds ratio [OR], 1.22; 95% confidence interval 
[CI], 1.11-1.35; P < 0.001) as opposed to intensive 
monitoring of SC (OR, 1.11; 95% CI, 1.00-1.24; 
P = 0.05). In patients with AKI, intensive monitor-
ing of UO was associated with improved 30-day 
mortality compared to patients with less intensive 
UO monitoring (hazard ratio, 0.85; 95% CI, 0.77-
0.94; P = 0.001). This was not seen in the subgroup 
of patients without AKI. In contrast, there was no 
significant association between intensive monitoring 
of SC and survival in patients with AKI.

Patients who received intensive UO monitoring 
were administered less fluid in the first 24 hours 
compared to patients with less intensive monitoring 
(3.6 L [2.5-5.1 L] vs. 4.2 L [2.8-6.5 L], respectively; 
P < 0.001), and were less likely to receive 
vasopressors (33.4% vs. 49.8%; P < 0.001).

n COMMENTARY
Findings from this study argue for closer monitoring 
of UO for critically ill patients who, because of their 
clinical status, are at high risk for developing AKI. 
Although hourly UO is emphasized often in surgical 
ICUs, monitoring may be less standardized in medi-
cal ICUs, especially given the push toward removing 
Foley catheters early (or avoiding them altogether) 
to avoid hospital-acquired urinary tract infections.

The observation that AKI was found more 
frequently in patients with intensive UO monitoring 
is not surprising, as the addition of UO criteria 
will increase the sensitivity of KDIGO guidelines in 
detecting patients with AKI. In fact, other studies 
have reported a higher incidence of AKI using 
UO compared to SC criteria and the possibility of 
“subclinical” AKI when patients with parenchymal 
kidney abnormalities on biopsy do not meet KDIGO 
creatinine criteria for AKI, suggesting there may 
be a delay in creatinine rising.2,3 However, because 
this is a database study, we cannot assume a direct 

cause-and-effect relationship between intensive 
UO monitoring and improved 30-day mortality. 
Although baseline ICU characteristics were mostly 
similar, the intensive UO monitoring group 
appeared less critical given less vasopressor use and 
less fluid given, although it is unclear if the latter 
finding was because they received intensive UO 
monitoring, which made it easier to titrate fluids. In 
addition, it is unknown what specific interventions 
may have led to the improved outcomes seen in 
the intensive UO monitoring group. Was it because 
they demonstrated a lower net fluid balance (higher 
cumulative fluid balance is associated with higher 
mortality4), because they were less likely to receive 
nephrotoxic agents as a result of early recognition 
of AKI, or because they were initiated on renal 
replacement therapy earlier with better outcomes, as 
seen in the ELAIN trial?5

We are unable to answer these questions because 
of the limitations of this database study. Intensive 
monitoring of UO in the ICU likely is easy enough 
from a nursing perspective if the patient is wearing 
an indwelling catheter, although the risks/benefits 
of keeping urinary catheters in place for UO moni-
toring vs. rates of catheter-associated urinary tract 
infections will need to be weighed carefully.  n
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1.  In the article by Leisman et al., earlier fluid 
administration was associated with lower 
rates of which of the following?
a. Mechanical ventilation
b. ICU utilization 
c. Length of stay
d. All of the above

2.  Based on the article by Fisher et al, which 
of the following statements is false regard-
ing the successful implementation of nonin-
vasive ventilation (NIV) for the treatment of 
acute exacerbations of COPD?
a. Early identification of patients and 
initiation of therapy is crucial.
b. Convenient placement of NIV equip-
ment facilitates timely initiation of therapy.
c. Creating protocols granting respiratory 
care practitioners autonomy to initiate 
therapy is an important aspect.
d. State-of-the-art equipment and a variety 
of mask interfaces were only of minor 
importance.

3.  The successful implementation of NIV for 
the treatment of acute exacerbations of 
COPD requires all of the following except:
a. respiratory care practitioner autonomy 
to initiate and adjust therapy.
b. availability of sufficient, appropriate 
supplies placed in proximity to need.
c. state-of-the-art ventilators specifically 
designed with NIV capabilities. 
d. respiratory care practitioners to receive 
a written order prior to executing any 
adjustments in ventilator settings.

4.  Which of these outcomes about using a 
systematic strategy for ICU admission in 
elderly patients was shown in the ICE-CUB 
2 study? 
a. Six-month all-cause mortality decreased. 
b. ICU admission rates did not change 
significantly.
c. Hospital mortality increased.
d. Quality of life and functional status 
improved.

5.  Which of the following is true of adapting a 
systematic strategy to promote ICU admis-
sion for the elderly?
a. Both emergency and intensive care phy-
sicians reported improved job satisfaction. 
b. Increased ICU admission rates improved 
nurses’ job satisfaction.
c. Increased severity of illness is associated 
with higher ICU admission rates.
d. Increased ICU admission rates may not 
change long-term outcomes.

6.  Based on the study by Jin et al, which of the 
following interventions was associated with 
reduced 30-day mortality in patients at risk 
for acute kidney injury?
a. Daily serum creatinine levels
b. Avoidance of all nephrotoxic agents, in-
cluding IV contrast during ICU admission
c. Early administration of sodium bicar-
bonate IV fluids at a low rate
d. Hourly urine output measurements
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