
The Effect of Prompt Physician
Visits on ICU Mortality and Cost 

A B S T R A C T  &  C O M M E N T A R Y

Synopsis: A retrospective study comparing patients seen within the
first 6 hours of ICU admission to those seen later showed that

patients seen earlier had a decreased risk of death, shorter hospital
stays, and similar direct variable costs.

Source: Engoren M. Crit Care Med. 2005;33:727-732.

This observational study from a university-affiliated,
urban, tertiary hospital in Toledo, OH, retrospectively

reviewed the records of 840 patients admitted to various ICUs
to determine if the time to first visit by a physician had an effect
on a number of clinically relevant outcomes. The hospital oper-
ates with an open ICU structure, with some patients covered by
housestaff and others cared for directly by attending physicians.
Data collected included APACHE

0
(scores calculated from data

available at the time of admission), APACHE II scores, many
physiologic variables, location prior to ICU admission, ICU and
hospital length of stay, and hospital outcome. Direct variable
costs were also calculated. Patients were divided into 2 groups:
the “Prompt” group, defined as patients seen by a physician
within 6 hours of ICU admission, and the “Delayed” group,
seen more than 6 hours after admission.

To help separate out the effects of severity of illness and other
factors that might affect a physician’s decision to see the patient
promptly, a propensity score was calculated to predict the likeli-
hood of belonging to either the Prompt or Delayed group. This
score was then used in multivariate modeling of mortality and used
to find patients with similar propensity scores in the 2 treatment
groups for purposes of comparison.

Median time to first physician visit was 6 hours. Patients in the
prompt group differed from those seen later in several ways. They
were seen in different ICUs. Patients in the prompt group were more
likely to be seen by housestaff and more likely to be admitted during
the day; they had higher APACHE II and APACHE

0
scores, and

higher direct variable costs. Despite these differences, these patients
had a lower mortality ratio (55% vs 88%) as predicted by APACHE
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II. In the subgroup matched by propensity scores, the
prompt group had shorter hospital stays (11 d vs 13 d),
similar direct variable costs and similar mortality rates.
By binary logistic regression, higher APACHE

0
, score,

older age, mechanical ventilation on arrival, and longer
time to being seen by a physician were predictors of hos-
pital mortality. Each 1-hour physician delay in initially
seeing the patient was associated with a 1.6% increased
risk of hospital death. 

■■ COMMENT BY JAMES E. McFEELY, MD
This article contributes to a body of work published

in the last few years studying the effect of staffing mod-
els and speed of intervention on ICU outcomes. Most of
that work has focused on the organization of the ICU
(closed vs open models) or on treatments for specific
diseases such as early goal-directed therapy for sepsis,
thrombolytics for acute myocardial infarction, and treat-
ment for stroke. The overriding theme of that work is

that faster is better. This paper answers the question
more generally, by confirming that patients seen by a
physician within 6 hours of ICU admission do better
than those seen less promptly. The study was performed
in a hospital with an open ICU structure, and included a
wide variety of admitting diagnoses. Even after control-
ling for initial severity of illness and other factors using
sophisticated statistical methods, researchers still found
that time to initial physician visit was a significant pre-
dictor of hospital mortality. 

As with all good research, this paper raises as many
questions as it answers. Can outcomes be improved by
seeing the patient within the first hour as with other spe-
cific diseases? Does it matter if the initial visit is by an
attending physician or by a member of the housestaff?
Would outcomes be different comparing an intensivist
to a generalist making the first visit? Although this
study found no difference based on the type of physi-
cian that made the initial visit (good news for those of
you with housestaff), the question is difficult to answer
in a randomized fashion, and further observational stud-
ies from a greater variety of institutions are required to
gain better insight into these and similar issues. 

Despite the need for further research, however, this
paper should cause ICU medical directors to reconsider
the practice of allowing ER staff to tuck in patients, and
probably should prompt a change in policy to require
onsite physician evaluation within a few hours of
admission to the ICU.   ■

Subglottic Secretion
Drainage for Preventing
Ventilator-Associated
Pneumonia
A B S T R A C T  &  C O M M E N T R A Y

Synopsis: Subglottic secretion drainage appears effec-
tive in preventing early onset ventilator-associated pneu-
monia among patients expected to require > 72 hours of
mechanical ventilation.

Source: Dezfulian C, et al. Am J Med. 2005;118:11-18.

The purpose of this meta-analysis was to assess
the efficacy of subglottic secretion drainage in pre-

venting ventilator-associated pneumonia (VAP).
Dezfulian and colleagues performed a comprehensive
analysis of randomized trials that have compared sub-
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glottic secretion drainage with a standard endotracheal
tube care in mechanically ventilated patients. Studies
were identified by searching computerized databases
(MEDLINE, CINAHL, EMBASE, Cochrane Library,
Current Contents, and Biological Abstracts), reviewing
bibliographies, and expert consultation. Summary risk
ratios and weighted mean differences with 95% confi-
dence intervals were calculated for each outcome using
a fixed-effects model. 

Of 110 studies retrieved, 5 met the inclusion criteria
of mechanically ventilated patients prospectively
assigned randomly to some form of subglottic secretion
drainage vs no drainage (control), and also that the inci-
dence of pneumonia was reported in both groups. The 5
studies enrolled 896 patients. Subglottic secretion
drainage reduced the incidence of VAP by nearly half
(risk ratio = 0.51; 95% confidence interval [CI], 0.37-
0.71), primarily by reducing early onset pneumonia
(pneumonia occurring within 5 to 7 days after intuba-
tion). Although significant heterogeneity was found for
several end points, this was largely resolved by exclud-
ing a single outlying study. The outlier study recruited
cardiac surgery patients whose duration of mechanical
ventilation (mean, 1.5 days) was shorter than the other
studies. 

The method of subglottic secretion drainage was
intermittent suction in 2 studies, continuous 2 studies,
and hourly aspiration with a syringe in the remaining
study. In the 4 studies other than the outlier, subglottic
secretion drainage shortened the duration of mechanical
ventilation by 2 days (95% CI, 1.7-2.3 days) and the
length of stay in the ICU by 3 days (95% CI, 2.1-3.9
days), and delayed the onset of pneumonia by 6.8 days
(95% CI, 5.5-8.1 days). Dezfulian et al concluded that
subglottic secretion drainage appears to be effective in
preventing early onset VAP among patients expected to
require > 72 hours of mechanical ventilation.

■■ COMMENT BY DEAN R. HESS, PhD, RRT
VAP is an important clinical problem. It has been

reported to occur in about 10% of mechanically venti-
lated patients.1 Although its impact on mortality is
debated, there is no question that it increases morbidity
by increasing the requirement for antibiotic therapy, and
also by increasing the time on mechanical ventilation
and days in the ICU. The term ventilator-associated
pneumonia is misleading, as it is well accepted that
VAP arises most commonly due to micro-aspiration of
pharyngeal secretions around the cuff of the endotra-
cheal tube rather what is breathed through the endotra-
cheal tube from the ventilator. Accordingly, a method to
prevent micro-aspiration might be expected to reduce

the incidence of VAP. 
Many practices have been identified to prevent VAP.2

One such practice is subglottic secretion drainage.
Subglottic secretion drainage is accomplished through
use of a specially designed endotracheal tube with a
separate dorsal lumen that opens directly above the
endotracheal tube cuff. Although originally designed for
use with an endotracheal tube, it is also now available in
the design of some tracheostomy tubes.

The results of this meta-analysis suggest a strong
benefit for the use of subglottic secretion drainage to
prevent early onset VAP. However, there are several
issues that remain to be resolved before this practice
can be widely adopted. The benefit of subglottic secre-
tion clearance is in patients who require > 72 hrs of
mechanical ventilation. Unfortunately, it is difficult to
predict which patients will require > 72 hrs of mechan-
ical ventilation at the time of intubation. Because tubes
capable of providing subglottic secretion clearance cost
about 10 times more than standard endotracheal tubes,
it is likely not cost-effective to use these tubes in all
patients who are intubated. Moreover, patients should
generally not be reintubated with this tube if they
require > 72 hrs of ventilation, as reintubation itself is a
risk factor for VAP. 

The safety of these tubes is yet to be determined. In
an animal study, tracheal wall injury due to subglottic
suction was reported.3 However, whether similar injury
occurs in humans is unknown; this complication was
not reported in any of the studies included in the meta-
analysis reported here. The higher rigidity of the endo-
tracheal tube incorporating subglottic suction may con-
tribute to tracheo-innominate artery fistula4 and upper
airway edema. 

Finally, the cost-effectiveness of these tubes remains
to be determined. Their use does not appear to affect
mortality, but this meta-analysis suggests that ventilator
days and ICU days may be reduced. A formal economic
assessment of these devices would help to answer the
question of cost-effectiveness. To my knowledge, such
an analysis is not yet available, although it has been
suggested that the use of subglottic suction can be sup-
ported on the basis of the cost of VAP.5

There is no doubt that aspiration of subglottic secre-
tions decreases the risk of early-onset VAP. Appropriate
patient selection for this procedure, however, remains
elusive. Until the cost-effectiveness of endotracheal
tubes with a subglottic suction port is established, their
use will likely not become standard practice. The finding
of lower rates of VAP with the use of this procedure does
support the fact that VAP often arises from micro-aspira-
tion of secretions around the cuff of the airway.   ■
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Closing the Books on Low-
Dose Dopamine in the ICU
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: This extensive meta-analysis of available
randomized, controlled trials shows that low-dose
dopamine offers transient improvements in renal physi-
ology but no good evidence that it offers important clini-
cal benefits to patients with or at risk for renal failure.

Source: Friedrich JO, et al. Ann Intern Med. 2005;142:
510-524.

In the absence of definitive systematic 
reviews, and in the presence of evidence for contin-

ued widespread administration of low-dose dopamine
infusions to critically ill patients for the purpose of
preventing renal failure, Friedrich and colleagues per-
formed an exhaustive review of the literature on this
subject. They searched MEDLINE, EMBASE,
CINAHL, the Cochrane Library, and other sources, in
an attempt to identify acceptable clinical trials to use
in a meta-analysis. Included were parallel-group ran-
domized and quasi-randomized controlled trials of
low-dose dopamine versus control. Friedrich et al
examined each trial’s methodology, outcomes, and
adverse events.

After a comprehensive search, 61 trials, compris-
ing data from 3359 randomized patients, were identi-
fied. Methodologic quality varied, but follow-up was
largely complete. Meta-analyses using random-
effects models showed that low-dose dopamine had a
positive effect on urine output, increasing it by 24%
(95% confidence interval [CI], 14%-35%) on the first
day of infusion. Improvements in serum creatinine
level (4% fall; with 95% CI, 1%-7%) and measured
creatinine clearance (6% relative increase; 95% CI,
1%-11%) on day 1 were clinically insignificant. No
significant effects on these variables could be detect-
ed on days 2 or 3 of therapy. Low-dose dopamine had
no effect on mortality (relative risk, 0.96; 95% CI,
0.78%-1.19%), or on the need for dialysis or other

renal replacement therapy (relative risk, 0.93; 95%
CI, 0.76%-1.15%). There was also no evidence for an
effect on adverse events (relative risk, 1.13; 95% CI,
0.90%-1.41%). Several statistical tests for hetero-
geneity, which would weaken the strength of the con-
clusion that the therapies were not different, failed to
demonstrate it.  

■■ COMMENT BY DAVID J. PIERSON, MD
For more than 40 years, the concept that low-dose

(or renal-dose) intravenous dopamine infusions
increase urine flow and protect the kidney from dam-
age during acute illness has exerted a pervasive influ-
ence on clinical medicine, including patient manage-
ment in the ICU. Recent surveys in several countries
demonstrate that low-dose dopamine is still very
widely used in critical care. No doubt this use is abet-
ted by the bedside observation, corroborated by the
present meta-analysis, that initiating low-dose
dopamine therapy improves urine output, at least in
many patients. However, Friedrich et al found that the
improvements in urine output were short lived, and
any salutary effects on serum creatinine levels or cre-
atinine clearance were small and only temporary. And
most importantly, this rigorous meta-analysis—the
most extensive examination of this topic to date—
failed to find any evidence for a detectable effect of
low-dose dopamine on patient-relevant outcomes.  

A widely used therapy has a solid theoretical ration-
ale and produces short-term improvements in physio-
logic end points, but evidence that it helps patients in
any meaningful way is lacking. Does that sound famil-
iar? It reminds me of the current state of our knowledge
about prone positioning in acute lung injury and the
acute respiratory distress syndrome (ARDS).1 The same
could be said for the administration of inhaled nitric
oxide and its current spinoff, aerosolized prostacyclin.
These interventions improve arterial PO

2
in many if not

most patients with severe ARDS. The clinical trials have
consistently demonstrated this physiologic improve-
ment, and yet those same trials have been unable to
demonstrate improvements in survival or other out-
comes that the patient would care about. 

This rigorously performed meta-analysis should
close the books, finally, on low-dose dopamine to pre-
vent or ameliorate renal failure in critically ill patients.
It does not seem to hurt-except for its cost in material
and human resources-but it does not help. We should
stop using it.   ■

Reference
1. Guerin C, et al. JAMA. 2004;292:2379-2387.
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Special Feature
The Critically Ill Pregnant
Patient: Chapter I
By Saadia R. Akhtar, MD, MSc

Care of the critically ill pregnant patient
poses unique challenges. The normal physiology of

a pregnant patient differs considerably from that of a
non-pregnant patient and these differences may affect
many aspects of routine care: resuscitation, mechanical
ventilation, choice of drugs and use of diagnostic stud-
ies are some examples. Pregnancy may increase the risk
of some life-threatening disorders (such as venous
thromboembolic disease). In addition, there are some
potentially serious diseases (such as eclampsia) that
occur only during pregnancy. Although obstetric
patients make up < 1% of ICU admissions, and ICU
admissions are necessary for only about 0.5% of all
pregnant women, the mortality for these patients can be
as high as 20%.1-4 Finally, the condition and care of the
mother directly impact the survival and health of the
fetus. For these reasons, it is essential that all personnel
working in an ICU familiarize themselves with the criti-
cal care issues of pregnancy. A multidisciplinary
approach to care of these patients, involving an obstetri-
cian and a neonatologist, is imperative.

This essay will begin the discussion on management
of the critically ill pregnant patient, which will be con-
tinued in a later issue of this newsletter. It will review
the cardiovascular and pulmonary physiology of normal
pregnancy and ways in which this may impact ICU
management. It will address maternal resuscitation in
the event of cardiorespiratory arrest and comment on
some routine ICU issues such as choice of vasopressors,
sedatives and antibiotics, and the safety of diagnostic
studies during pregnancy. 

Cardiovascular Physiology of Normal Pregnancy5-6

A variety of physiological changes are necessary in
order to ensure adequate perfusion and oxygenation of
the growing fetus as well as to continue to meet the
needs of the mother. Blood flow to the uterus must
increase 10-fold (up to 500-700 mL/min) during preg-
nancy. This is accomplished by an increase in blood
volume as well as a rise in cardiac output. Blood vol-
ume expands by about 40-50% (or 2 L): the increase in
plasma volume is proportionally higher than the change
in red cell mass, resulting in the relative anemia of preg-

nancy. Total body water also increases and plasma
oncotic pressure decreases: the latter is one of the fac-
tors that predisposes pregnant women to edema forma-
tion. Simultaneously, the cardiac output rises by up to
30-50% (even further increases occur during labor).
Initially, this rise is due primarily to an increase in
stroke volume; as pregnancy proceeds, the heart rate
also goes up by about 10-15 beats per minute on aver-
age. Echocardiography demonstrates a definite increase
in left ventricular mass. 

Peripheral vasodilation begins early in pregnancy and
results in a 20-30% reduction in systemic vascular
resistance. This may be the stimulus for the rise in car-
diac output. It is also one of the factors contributing to
venous stasis and increased risk for venous thrombosis
during pregnancy. Other typical hemodynamic changes
include a 20-30% reduction in pulmonary vascular
resistance, a 10-20% drop in diastolic blood pressure
and a smaller decrease in systolic blood pressure. 

These cardiovascular changes peak at about the end
of the second trimester and though the return to normal
is fairly rapid (hemodynamic changes begin to resolve
within days to 2 weeks post-partum and return to pre-
pregnancy levels by 6 months), it is not immediate.
Following delivery then, there is a large increase in
maternal blood volume and preload: for women with
any significant cardiac disease or pulmonary hyperten-
sion, this may lead to acute decompensation. 

Finally, unique to pregnancy is the phenomenon of
aortocaval compression by the enlarging uterus when the
patient is in the supine position. This begins to occur by
about 20 weeks of gestation and can result in a 25%
reduction in cardiac output. Additionally, up to 30% of
women (usually in the second half of pregnancy) will
exhibit the more severe symptoms of the supine
hypotension syndrome with marked hypotension, brady-
cardia, and syncope while supine.7 Thus it is important
to place bed-bound pregnant patients in a left lateral tilt
position. Note that caval compression also leads to
increased venous stasis and is one of the factors predis-
posing pregnant women to thromboembolic disease. 

In addition to usual ICU cardiopulmonary monitor-
ing of the mother, continuous electronic fetal heart rate
monitoring is essential in all circumstances. Non-reas-
suring readings (such as bradycardia, abnormal fetal
heart rate variability, late decelerations or absence of
appropriate spontaneous accelerations) should prompt
further evaluation.

Pulmonary Physiology of Normal Pregnancy5-6

Pulmonary mechanics and gas exchange are altered



during normal pregnancy. The enlarging uterus pushes
upward on the diaphragm and leads to a reduction in
functional residual capacity (FRC) of up to 25%. Total
lung capacity changes only slightly, by 0 to -4%. Other
lung volumes are unaltered. Airway mucosal edema and
hyperemia are observed but do not impact airflow rates.
These airway mucosal changes do however lead to
symptomatic rhinitis in 30% of pregnant women. They
may also be an important reason for the relatively high
failed intubation rates reported in obstetric patients. It is
essential to keep this in mind and downsize endotra-
cheal and naso- or oro-gastric tubes.

In order to accommodate the 15-20% rise in oxygen
consumption and carbon dioxide production during
pregnancy, maternal minute ventilation must increase
considerably. A change of up to 40-50% above baseline
is seen and leads to the familiar complaint of dyspnea
during the latter half of pregnancy. This increase in
minute ventilation is accomplished primarily by an
increase in tidal volume which may be caused by prog-
esterone’s central respiratory stimulant effect.
(Tachypnea is uncommon and, when present, is likely a
sign of disease.) Interestingly, the resulting minute ven-
tilation is beyond what is necessary to maintain neutral-
ity. That is, a mild respiratory alkalosis and associated
mild compensatory metabolic acidosis are found
throughout pregnancy. Normal arterial blood gas values
during pregnancy are: pH 7.40-7.47, pCO

2
28-32 mm

Hg, pO
2

> 100 mm Hg, HCO
3

18-21 mEq/L. Due to the
reduced FRC, mild hypoxemia and elevated alveolar-to-
arterial PO

2
gradient [P(A-a)O

2
] may develop in the

supine position.8 In addition, the low FRC in conjunc-
tion with baseline high maternal oxygen consumption
leads to poor maternal oxygen reserve and makes preg-
nant patients prone to hypoxia with even short periods
of apnea. Pre-oxygenation before sedation and intuba-
tion is thus particularly important for these patients. 

When pregnant patients require mechanical ventila-
tory support, it is essential to adjust ventilator settings to
target the usual arterial blood gas values described
above.9 Further hyperventilation leads to uterine vaso-
constriction, reduced placental and fetal perfusion and
fetal distress. Similarly, although an arterial PCO

2
up to

55-60 mm Hg appears to be tolerated well, more severe
hypoventilation and hypercapnia clearly result in fetal
acidemia and distress. The role of bicarbonate infusions
for acidemia in pregnant patients is undefined. Animal
studies suggest that bicarbonate does not cross the pla-
centa but carbon dioxide does, thus implying that bicar-
bonate infusion may worsen fetal acidosis; it is unclear
whether this finding holds for humans.10 In regard to
airway pressures, while maternal plateau pressures may

be ‘falsely’ elevated due to increased abdominal pres-
sure and decreased chest compliance during normal
pregnancy, there is no evidence to support targeting or
accepting higher plateau pressures than for non-preg-
nant patients. Thus, although there are no specific stud-
ies of low-tidal-volume ventilation or management of
acute lung injury in pregnant patients, experts suggest
applying this strategy for usual indications but limiting
permissive hypercapnia to PCO

2
no higher than 55-60

mm Hg.9

Maternal Resuscitation9,11

Fetal oxygenation is related to maternal oxygen deliv-
ery, placental function, and fetal extraction. Maternal oxy-
gen delivery is determined by blood flow to the uterus and
by the oxygen content of that blood: maternal anemia,
hypoxemia, hypotension or uterine vasoconstriction will
all impair fetal oxygenation. If necessary, blood flow to
critical maternal organs will be maintained at the expense
of the fetus. Thus, for a critically ill pregnant patient, rapid
support and correction of maternal blood pressures and
gas exchange are essential for fetal viability.6

Usual Advanced Cardiac Life Support (ACLS)
guidelines apply for pregnant patients who experience
cardiorespiratory arrest. As fetal oxygenation depends
on maternal oxygenation and the latter has poor reserve,
establishing an airway quickly is essential. As noted
above, airway edema and hyperemia should prompt use
of smaller-than-usual artificial airways. Manual lateral
displacement of the uterus or positioning of the patient
in a left lateral tilt position are essential to minimize
aortocaval compression. Fetal monitoring is reasonable
during resuscitation, although the findings generally
correlate closely with maternal condition. It is essential,
if fetal monitors are in place, to remove or disconnect
them prior to defibrillation or cardioversion. 

If initial efforts appear to be failing after 4 to 5 min-
utes of resuscitation and the patient is at or beyond
about 24 weeks of gestation, emergent Cesarean section
is recommended. ACLS interventions should be contin-
ued during delivery. Delivery may ease resuscitation of
the mother by increasing preload and cardiac output and
facilitating maternal ventilation. Good fetal neurologi-
cal outcome is most likely if delivery occurs within 4 to
5 minutes of arrest but has been reported after as much
as 45 minutes after maternal arrest (with continued
aggressive cardiopulmonary resuscitation).12

Choice of Medications During Pregnancy6,13-16

The distribution and clearance of many drugs are
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greatly altered by the normal physiological changes of
pregnancy. (These include the increases in total body
water and plasma volume as discussed above. They also
include a decrease in plasma protein concentration,
slowing of gastric emptying and changes in renal perfu-
sion and hepatic perfusion and metabolism.) These
changes in pharmacokinetics may place the mother at
increased risk of drug toxicity or ‘under-dosing.’
Furthermore, almost all medications cross the placenta
to some degree and may adversely affect the fetus.
Thus, it is essential to be vigilant in the choice, dosing,
and monitoring of medications during pregnancy. 

The Federal Food and Drug Administration (FDA)
classifies medications for use during pregnancy into 5
categories: A (controlled human studies demonstrate
safety of the drug during pregnancy); B (presumed safe
based on animal studies), C (see below), D (clear evi-
dence of some risk to the fetus); or X (absolutely con-
traindicated in pregnancy). The majority of drugs (66%
of those in the Physicians’ Desk Reference) are classi-
fied as category C (risk cannot be ruled out: human
studies are lacking, and animal studies are either posi-
tive for fetal risk or lacking).17 Most vasopressors and
sedatives used in the ICU fall into risk category C. 

Untreated maternal hypotension is obviously detri-
mental to the mother and the fetus. However, vasopres-
sors have the potential to constrict uterine vessels and
reduce blood flow to the placenta and fetus despite
improving maternal blood pressures. There is little liter-
ature on choice of vasopressors for pregnant patients
with persistent shock. Most available studies address
transient use of vasopressors for hypotension associated
with spinal anesthesia or in the operative setting. These
along with animal and in vitro studies suggest that
ephedrine is least likely to cause uterine vasoconstric-
tion and this remains the recommended first line agent
for pregnant patients (again, particularly during obstet-
ric anesthesia). Phenylephrine and metaraminol are also
favored for short-term use. Norephinephrine is suggest-
ed for persistent shock in pregnant patients in the ICU
setting but there are no specific data for or against this. 

With respect to sedatives and paralytics, the only
agents clearly shown to be teratogenic are benzodi-
azepines. When administered in the first trimester, ben-
zodiazepines increase the risk of cleft deformities.
There is weak evidence that they may also be associated
with developmental delays. The primary risk of other
sedatives (narcotics, propofol) or the paralytics is that of
fetal and neonatal depression. When these agents are
used, it is important to remember that the newborn
infant may need cardiorespiratory support for a period
of time following delivery.

Finally, antimicrobial choice should be guided first
and foremost by what is appropriate treatment for the
suspected source of infection or sepsis. When possible,
drugs from the penicillin, cephalosporin or macrolide
classes should be chosen because extensive experience
has demonstrated their safety during pregnancy. One
exception in the macrolide class is clarithromycin,
which has adversely affected fetal development in ani-
mal studies. Quinolones are also FDA pregnancy class
C due to arthropathy noted in animal studies of
ciprofloxacin. Aminoglycosides may cause fetal ototox-
icity but are otherwise safe. Sulfonamides alone are
acceptable but trimethoprim does increase the risk of
congenital malformations with first trimester exposure.
The antifungal of choice during pregnancy is ampho-
tericin B. Lastly, although the anti-herpetic agents are
safe to use, those antivirals targeting influenza are not
tested or approved in pregnancy. 

Diagnostic Studies and Fetal Radiation Exposure6, 18-19

Diagnostic studies crucial for care of the critically ill
pregnant patient should never be delayed or deferred:
maternal survival and good health are essential for good
fetal outcomes. With that in mind, it is reassuring that
estimated fetal radiation exposure for most diagnostic
studies is low and acceptable. With the appropriate use
of an abdominal lead shield, the fetal radiation exposure
(in rads) for common studies is: PA and lateral chest X-
ray ≤ 0.001-0.008, ventilation-perfusion scan < 0.031,
chest CT scan with pulmonary embolism protocol <
0.0131 and pulmonary angiogram 0.221-0.405. Not sur-
prisingly, abdominal and pelvic CT scans are associated
with the highest fetal radiation exposures, of up to 5
rads. Teratogenicity does not appear to occur until the
total fetal radiation exposure over the course of gesta-
tion exceeds 10 rads. Cumulative exposure to < 5 rads
increases the risk of childhood leukemia from 1/2800 to
2/2800 but is not teratogenic. (To put this into perspec-
tive, these cancer rates are less than the rates of sponta-
neous congenital malformations.) Thus, in general, it is
quite safe to proceed with selected and clinically indi-
cated radiological studies in pregnant patients.

Summary

‘Routine’ ICU care must be tailored to support the
unique physiology and meet the special needs of the
pregnant patient. An understanding of the normal car-
diopulmonary physiology of pregnancy provides the
foundation on which to develop further expertise and
comfort in the management of this patient population.



This essay has reviewed these normal changes and dis-
cussed mechanical ventilation, resuscitation, usual ICU
medications and diagnostic studies during pregnancy.
Other aspects of the critical care of pregnancy will be
addressed in future reports.   ■
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CME Questions

9. Which of the following were associated with increased mortali-
ty in the study relating first physician visits to ICU outcomes?
a. Higher APACHE

0
, score 

b. Older age 
c. Mechanical ventilation on arrival
d. Longer time until seen by a physician
e. All of the above

10. Each 1-hour delay in initially seeing the patient after ICU
admission was associated with what percentage increase in 
mortality?

a. 1.6
b. 4.4
c. 6.9
d. 12.0
e. 27.4

11. Which of the following is not decreased with the use of an endo-
tracheal tube that provides subglottic aspiration of secretions?
a. Incidence of ventilator-associated pneumonia
b. Micro-aspiration around the cuff
c. Ventilator days
d. ICU days
e. Cost of the endotracheal tube  

12. Which of the following is the most important mechanism in the
development of pneumonia in patients who require ventilatory
support?
a. Hematogenous dissemination from the gut
b. Use of sterile technique at the time of intubation
c. Aerosolization of bacteria contaminating the ventilator circuit
d. Micro-aspiration of subglottic secretions around the cuff
e. None of the above

13. The standardized mortality ratio is determined by dividing
observed mortality by which of the following?
a. Mortality in the population of the same age group
b. Mortality in all ICUs for that age group
c. Predicted mortality based on disease severity scoring system

prediction models
d. Predicted mortality for the same age group
e. None of the above
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In Future Issues: The Critically Ill Pregnant Patient, Part II

CME/CE Objectives
After reading each issue of Critical Care Alert,

readers will be able to do the following:
• Identify the particular clinical, legal, or scientific

issues related to critical care.
• Describe how those issues affect nurses, health 

care workers, hospitals, or the health care industry
in general.

• Cite solutions to the problems associated with those
issues.

Answers:9 (e); 10 (a); 11 (e); 12 (d); 13 (c) 



Nesiritide, Scios' intravenous recombi-
nant form of human B-type naturetic
peptide, has been widely used for the

treatment of congestive heart failure in hospi-
talized patients.  On Scios' website, nesiritide
is touted as the "best-selling IV cardiovascular
drug ever brought to market.”  All that may
change with the publication of a new study
that suggests that patients with acutely decom-
pensated heart failure (ADHF) treated with
nesiritide have a higher death rate at 30 days
compared with patients who are not treated
with the drug.  The study was a pooled analy-
sis of 12 randomized, controlled trials, of
which 3 met all inclusion criteria.  In those 3
trials, 485 patients with ADHF were random-
ized to nesiritide and 377 to control therapy
which was noninotrope-based treatment.
Thirty-day death rate was higher among the
nesiritide group (7.2% vs 4.0% for placebo, 1.74
risk ratio; 95% CI [0.97-3.12]; P = .059).  The
authors conclude that therapy with nesiritide
may be associated with increased risk of death
after treatment for acutely decompensated
heart failure, and suggest that an adequately
powered, controlled trial should be under-
taken (JAMA. 2005;293:1900-1905).  This fol-
lows an earlier study that suggested nesiritide
may worsen in renal function in patients with
ADHF. In that study, which was also a pool
analysis from 5 randomized studies, 1269
patients with ADHF were reviewed.  Nesiritide
was associated with a significantly increased
risk of worsening renal function, compared
with noninotrope control therapy (RR, 1.52;
95% CI, 1.16-2.0; P = .003) or any control ther-

apy, including noninotrope and inotrope based
therapies (RR, 1.54; 95% CI, 1.19-1.98 ; P =
.001).  Even low-dose nesiritide was found to
worsen renal function. The authors conclude
that nesiritide significantly increases the risk
of worsening renal function in patients with
ADHF, but suggests further investigation to
determine the prognostic importance of this
finding (Circulation. 2005;111:1487-1491).

Stopping Aspirin Before Surgery
A new study suggests that stopping aspirin

5 days prior to surgery is optimal. Researchers
from Ireland recruited 51 volunteers who were
randomly assigned to 3 groups: placebo,
aspirin 75 mg per day, or aspirin 300 mg per
day.  Utilizing template bleeding times and
specific platelet function testing, all bleeding
times normalized within 96 hours and all
platelet function test normalized within 144
hours after discontinuing aspirin.  By day 6,
there was no demonstrable hemostatic defect
in any of the volunteers.  There was also no
difference between the 75 mg or 300 mg dose
of aspirin.  The authors conclude the data sup-
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ports withholding aspirin for 5 days with elec-
tive surgery been performed on the sixth day (J
Am Coll Surg. 2005;200:564-573). This study is
important because of recent data that cardio-
vascular events are much more likely to occur
in patients who had recently withdrawn from
aspirin—with the peak of events occurring at
10 days (Pharmacology Watch. March, 2005).
Safely stopping aspirin for 5 days prior sur-
gery, with reinstitution as soon as possible
after surgery, makes good clinical sense.

The Sponge Returns
The Today Sponge contraceptive device is

returning to the US market this summer.  Last
marketed more than 10 years ago, the sponge
was removed from the market because of man-
ufacturing problems.  It is being brought back
by Allendale pharmaceuticals, whose manufac-
turing facility met FDA standards.  The
sponge, which was made infamous by a mem-
orable Seinfeld episode, is an over-the-counter,
round, disposable, soft sponge that is impreg-
nated with spermicide.  It is inserted vaginally,
and can be kept in place for 24 hours and for
multiple sexual encounters.  When it was taken
off the market in 1994, the sponge was the
most popular over-the-counter female contra-
ceptive available, with 250 million of them
sold in the 11 years it was available.

Preventing Metabolic Syndrome
Metformin and intensive lifestyle interven-

tion both help prevent metabolic syndrome in
patients who have impaired glucose intoler-
ance.  In a study derived from the Diabetes
Prevention Program, 1711 patients with
impaired glucose tolerance (defined by World
Health Organization criteria plus fasting glu-
cose level < 95) were evaluated.  More than
half the participants (53%) had metabolic syn-
drome at the baseline.  In patients who did not
have metabolic syndrome, metformin 850 mg
twice daily or intensive lifestyle intervention
designed to achieve and maintain 7% weight
loss and 150 minutes of exercise per week were
both effective in preventing metabolic syn-
drome.  Lifestyle intervention was the more
effective intervention with a 41% reduction in
the incidence of metabolic syndrome (P < .001)
while metformin reduced the incidence by 17%
(P = .03) compared to placebo. Three-year

cumulative incidences of metabolic syndrome
were 51%, 45%, and 34% in the placebo, met-
formin, and lifestyle groups, respectively. The
authors conclude that both lifestyle interven-
tion and metformin are effective in reducing
the development of metabolic syndrome in
patients with glucose intolerance, although the
impact of lifestyle intervention was more
marked than that of metformin (Ann Intern
Med. 2005;142:611-619).

FDA Actions
The FDA has approved exenatide for the

treatment of type 2 diabetes in patients who
have not responded to other treatments.  The
drug was derived from lizard saliva, and rep-
resents a new class of antidiabetic agents
known as incretin mimetics—which mimic the
effect of GLP-1, a naturally occurring incretin
hormone found in human gut. Exanatide nor-
malizes postprandial physiology by stimulat-
ing beta cells to secrete insulin in glucose
dependent fashion. In alpha cells, the drug
normalizes the pathologic hypersecretion of
glucagon in a glucose dependent fashion. It
also slows gastric emptying and improves sati-
ety, all which serve to reduce postprandial
hyperglycemia.  There is some evidence that
the drug may also attenuates weight gain seen
with other hypoglycemic agents and may even
be associated with weight loss. The drug will
be marketed by Eli Lilly and Amylin
Pharmaceuticals under the trade name Byetta.

Ropinirole (Requip) has been approved for
the treatment of moderate-to-severe restless
leg syndrome (RLS), the first US medication to
be approved for this indication.  The drug has
been available for the treatment of Parkinson's
disease since 1997. The approval was based on
3 randomized, double-blind, placebo-con-
trolled trials in adults diagnosed with moder-
ate to severe RLS.  All 3 studies demonstrated
a statistically significant improvement in the
treatment group receiving ropinirole. Side
effects include nausea, extreme drowsiness,
and dizziness, and the drug will be labeled to
warning about the possibility of falling asleep
while engaged in activities of daily living
including driving. GlaxoSmithKline is enthusi-
astic about the prospect of treating the esti-
mated 1 out of 10 adults in this country with
restless leg syndrome, the most common cause
of insomnia.   ■
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