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ABSTRACT & COMMENTARY

Emergent Vascular Access: Is  
Intraosseous Better Than Central  
Venous Catheter Placement?
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: In this single-center, prospective, observational study, intraosseous access outperformed central venous catheter placement 
in terms of first-pass success rates, mean placement times, and complication rates.

SOURCE: Lee PMJ, et al. Intraosseous versus central venous catheter utilization and performance during inpatient medical emergencies. 
Crit Care Med 2015;43:1233-8.

During inpatient medical emergencies, 
response teams are charged with 
obtaining quick vascular access for the 

delivery of life-saving medications and fluid 
therapy. Traditionally, the easiest vascular access 
has been placement of a triple lumen catheter in 
the femoral vein, as anatomic landmarks here 
are often easier to identify than other areas, 
minimizing the need for ultrasound assistance. 
Choice of this site over others also allows for 

easier compression of blood vessels in the event 
bleeding occurs, avoids unwanted central line 
complications such as pneumothorax, and avoids 
multiple personnel working in the same area (e.g., 
provider at head of bed performing intubation, 
provider doing chest compressions, etc). In pre-
hospital and emergency department settings, 
however, intraosseous (IO) catheter placement 
has provided a fast and safe alternative for 
vascular access, although data on their use in the 
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inpatient setting are limited.
In a single urban teaching hospital 

over a period of 17 months, Lee et 
al collected data on emergent central 
access placement in 79 adult patients, 
31 of whom received IO catheters and 
48 received central venous catheters 
(CVC) during medical emergency 
team (MET) calls. The primary CVC 
site was the femoral vein (access was 
obtained without the use of ultrasound 
guidance), and the primary IO site was 
the medial proximal tibia, with the 
proximal humeral 
head being the 
secondary target if 
the first site attempt 
failed or if there was 
a contraindication. 
In their protocol, 
IO catheters were 
the first-line access 
for patients in 
cardiac arrest and 
were to be used if 
a CVC could not 
be placed after two 
attempts or within 
5 minutes. Rotating 
house staff on METs 
were provided 
monthly simulation 
instruction in CVC 
and IO insertion. Most of the CVCs 
and IOs were placed by postgraduate 
year 2 and 3 residents, and a more 
senior resident, critical care fellow, or 
attending took over the procedure after 
failed attempts at the discretion of the 
MET leader. The primary outcome was 
first-pass success rates for CVC and IO 
placement. Secondary outcomes included 
time to successful placement, number 
of attempts, BMI, anatomical location, 
number of kits used, and complications 
of both catheters.

First-pass success rates were 
significantly higher during IO attempts 
compared to CVC passes (90.3% [95% 
CI, 80-100%] vs 37.5% [95% CI, 
24-51%]; P < 0.001). Overall success 
rates were also significantly higher 
for IO vs CVC placement (96.8% vs 
81.3%; P = 0.04). Procedure times were 
longer for CVC vs IO placement (10.7 
vs 1.2 minutes; P < 0.001). Compared 
to IO placement, mean attempts per 

patient were higher for CVC (2.8 vs 
1.1; P < 0.001), with more CVC kits 
used per patient (1.3 vs 1.1; P = 0.03). 
Complication rates were higher in the 
CVC group compared to the IO group 
(45.8% vs 9.1%) and were mostly due 
to arterial puncture or bleeding from 
the site; the three complications seen in 
patients receiving IOs were misplacement 
of the catheter, resulting in extravasation 
of vasopressors, resultant tissue necrosis, 
significant pain with infusion, and 
dislodgement.

n COMMENTARY
Although this study 

was limited by a single 
center experience, 
smaller sample size, 
protocol design 
limiting IO attempts, 
and missing data due 
to lack of collection 
at night and on 
weekends, it highlights 
an intervention that 
could potentially alter 
clinical practice for 
many institutions. IO 
catheters allow for 
quick vascular access 

for fluids, vasopressors, 
and blood draws. 

Placement time is consistently faster 
compared to CVCs. Similar to other 
procedures, such as CVC placement, 
which could be considered high acuity/
low opportunity situations, simulation 
training in IO will be helpful to gain 
practice and avoid complications, 
although there are no data to suggest 
learning this skill is more time-intensive 
or difficult than any other procedure. 
Although they are not meant to (and 
should not) replace the use of CVCs 
in the ICU, they provide an attractive 
option for vascular access in patients 
during emergent situations, such as 
in-hospital cardiac arrests, especially 
those with compromised vascular access 
(e.g., end-stage renal disease) without 
increased complication rates. Further 
prospective, randomized trials comparing 
IO to CVC placement in cardiac arrest 
and other emergent situations would 
help solidify the role of IO vascular 
access in these settings.  n

“The primary CVC 
site was the femoral 

vein (access was 
obtained without the 

use of ultrasound 
guidance), and the 
primary IO site was 
the medial proximal 

tibia.”
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ABSTRACT & COMMENTARY

Is Peripheral Intravenous Administration 
of Vasopressors Really Safe?
By Kathryn Radigan, MD, MSc

Assistant Professor, Pulmonary Medicine, Northwestern University, Feinberg School of Medicine, Chicago, IL

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

SYNOPSIS: Administration of vasoactive medications by peripheral intravenous access is safe and feasible in critically ill, hypotensive 
patients.

SOURCE: Cardenas-Garcia J, et al. Safety of peripheral intravenous administration of vasoactive medication. J Hosp Med 2015 May 26 
[Epub ahead of print].

Vasoactive medications (VMs) are most commonly 
administered through central venous catheters 

(CVCs). Cardenas-Garcia, et al sought to evaluate 
the safety of administering VM through peripheral 
intravenous (PIV) access. In this single-center, single-
arm, consecutive-patient study conducted between 
September 2012 and June 2014, 734 patients 
received norepinephrine, dopamine, or phenylephrine 
through PIV access 783 times. The duration of 
administration through the PIV was 49 ± 22 hours. 
Prior to study enrollment, there was an established 
protocol summarizing the safety requirements for 
the use of VMs through a PIV. These requirements 
included: a vein diameter > 4 mm, confirming 
placement of the PIV within the vein by ultrasound, 
appropriate PIV size (18 or 20 gauge), appropriate 
access positioning (no hand, wrist, or antecubital 
fossa sites), and blood return from the PIV access site 
prior to VM administration. According to the nursing 
protocol, the PIV site was assessed every 2 hours, and 
the medical team was alerted immediately if there 
was evidence of line extravasation. PIVs were limited 
to 72 hours maximum duration.

Nineteen patients (2%) experienced extravasation 
of the PIV access during the administration of 
the VM. These patients were treated with local 
phentolamine injection and application of local 
nitroglycerin paste without any evidence of tissue 
injury following treatment. Ninety-five (13%) of 
the patients who received VM through PIV access 
eventually required central intravenous access. The 
investigators concluded the administration of VM by 
PIV access was feasible and safe in this single-center 
medical ICU. They further concluded that clinicians 
should not regard the use of vasoactive medication as 
an automatic indication for central venous access.

n COMMENTARY
VMs are necessary to improve hypotension in 

many critically ill patients. Traditionally, it has 
been standard of care to place a CVC prior to the 
administration of VM. Most intensivists have based 
this decision on the concern for local tissue injury 
due to the vasoconstrictive effect of the vasopressors. 
Although this study appears promising, a 2015 
review that included 270 patients (from 85 primary 
studies or case reports) reported 325 separate local 
tissue injuries and extravasation events (318 events 
resulting from peripheral vasopressor administration 
and 7 events resulting from central administration).1 
Local tissue injury was defined as an adverse event 
attributed to vasopressor administration occurring 
within close proximity to the infusion site, while 
extravasation of vasopressor was considered an 
escape of vasopressor medication from the vessel. 
There were 204 local tissue injury events (179 skin 
necrosis, 5 tissue necrosis, and 20 gangrene) from 
peripheral administration of vasopressors, with an 
average duration of infusion of 55.9 hours (± 68.1 
hours). There were also 114 events of extravasation 
of vasopressor solution, with 24.6% of the events 
leading to tissue injury. Interestingly, this review 
highlights that tissue injury may occur without 
extravasation as a result of the profound effects of 
vasoconstriction local to the site of administration, 
leading to local tissue hypoperfusion.

Since the 2015 review was derived mainly from 
case reports, it is important to note that it may 
not be representative of general clinical practice 
outcomes, especially with the concern for publication 
bias. Regardless, it is apparent the 2015 review of 
the literature and the current study have disparate 
results. As already mentioned, this investigation 
maintained a strict protocol for IV placement and 
VM administration. Furthermore, the program also 
incorporated a multidisciplinary team that included 
training and education of the nursing staff and 
MICU house staff teams. If a patient experienced 
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tissue extravasation, there was a standard treatment 
protocol, including treatment with phentolamine 
and nitroglycerin paste, implemented immediately. 
Given the disparate results found in the review 
and the current article, caution should be exercised 
in adhering to the recommendations made by the 
authors; PIVs may be safe only with a strict protocol 
that addresses training, education, and treatment. 
Without complete adherence to these protocols, the 
administration of VM through a PIV can be very 
risky. As intensivists, we also have to reflect on the 
potential consequences of such complications, which 
may include skin grafting with plastic surgery as 
well as how patients and families may react to this 
complication. The risks of PIVs must be weighed 
carefully with the known risks of CVCs, which may 

include infection, clot, bleeding, or pneumothorax. 
Regardless, the conclusion that “clinicians should no 
longer consider administration of norepinephrine, 
dopamine, or phenylephrine to be an automatic 
indication for CVC access” is dangerous. One 
cannot appropriately make this conclusion without 
a randomized, controlled trial comparing outcomes 
of VM use in critically ill, hypotensive patients with 
PIVs vs CVC.

REFERENCE

1. Loubani OM, Green RS. A systematic review of extravasation 
and local tissue injury from administration of vasopressors 
through peripheral intravenous catheters and central venous 
catheters. J Crit Care 2015;30:653 e9-17.  n

ABSTRACT & COMMENTARY

Antibiotics for Acute Appendicitis
By Richard R. Watkins, MD, MS, FACP

Division of Infectious Diseases, Akron General Medical Center, Akron, OH; Associate Professor of Internal Medicine, 
Northeast Ohio Medical University, Rootstown, OH

Dr. Watkins has received research support from Forest Pharmaceuticals.

SYNOPSIS: A randomized, multicenter clinical trial compared antibiotic therapy to surgery for uncomplicated acute appendicitis and found 
most patients who received antibiotics did not require appendectomy during the one-year follow-up period. Of those who needed 
surgery after treatment with antibiotics, the risk for complications was low.

SOURCE: Salminen P, et al. Antibiotic therapy vs. appendectomy for treatment of uncomplicated acute appendicitis. JAMA 2015;313:2340-
2348.

Appendectomy has been the treatment for acute 
appendicitis since the late nineteenth century. 

During the past decade, the notion of treating acute 
appendicitis with antibiotics alone has been proposed 
and evaluated in several clinical trials. However, these 
trials have been criticized because of methodological 
limitations. 

Therefore, Salminen and colleagues aimed to 
test the hypothesis that acute appendicitis could be 
successfully treated with antibiotics and surgery 
avoided using a more robust study design that would 
overcome the limitations of previous trials.

The study was a randomized, open-label, non-
inferiority clinical trial conducted at 6 Finnish 
hospitals between 2009 and 2012. Inclusion criteria 
were patients between 18 and 60 years of age who 
presented to the emergency department (ED) with 
clinical symptoms of acute appendicitis confirmed 
by CT scan. Those with complicated appendicitis 
including perforation, presence of an appendicolith, 
abscess or tumor were excluded. Randomization was 
performed with a 1:1 allocation ratio for either open 

appendectomy or antibiotic therapy. Ertapenem was 
given to those patients in the antibiotic treatment 
group for 3 days, with the first dose given in the ED. 

Following intravenous therapy, oral levofloxacin 
and metronidazole were prescribed for 7 days. 
The primary endpoint in the antibiotic group was 
resolution of appendicitis without surgery and no 
recurrent appendicitis over the next one year. The 
secondary end points were overall post-intervention 
complications, late recurrence (more than one year) 
of acute appendicitis after antibiotic therapy, length of 
hospital stay, length of sick leave used by the patient, 
and post-intervention pain issues.

SPECIFICALLY

Of the 530 patients randomized, 273 underwent 
appendectomy and 257 were assigned to antibiotic 
therapy. After one year, 186 patients in the antibiotic 
group did not require appendectomy (72.7%), 
while 70 patients did (27.3%). Moreover, despite 
having recurrent appendicitis and delayed operation, 
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the surgical complication rate for the patients in 
the antibiotic group who eventually needed an 
appendectomy was 7% compared to 20.5% in the 
surgical group (P = .02). 

The overall complication rate was also significantly 
lower in the antibiotic group (2.8% vs 20.5%, P < 
.001). Length of hospitalization was similar between 
the groups (median, 3 days), while pain scores and 
length of sick leave (median 19.0 days vs. 7.0 days) 
favored the antibiotic group. At the beginning of 
the study, the investigators established 24% as the 
minimum clinically important difference between 
the treatment groups. The intention-to-treat analysis 
revealed a difference of -27%, meaning the results did 
not demonstrate noninferiority of antibiotic therapy 
relative to surgical therapy (P =.89).

n COMMENTARY
The findings of Salminen and colleagues support 

the hypothesis that many patients with acute 
appendicitis can be treated with antibiotics alone, 
and even the ones who fail antibiotic therapy and 
eventually undergo appendectomy will likely have an 
uncomplicated course. 

A particular strength of the study was the reliance 
on CT scans to diagnose acute appendicitis. This has 
proven to be a more accurate method to diagnose 
appendicitis than older ones, i.e., history and physical 
examination. The use of CT scans minimized 
diagnostic uncertainty in the trial and allowed for 
exclusion of intraluminal appendicoliths, which can 
lead to complicated acute appendicitis. A potential use 

of these data could be to serve as the basis of a scoring 
system that would help clinicians determine which 
patients should undergo appendectomy and which 
should be treated with antibiotics alone.

WHAT COULD BE SOME IMPLICATIONS?

Although this was a seminal study, one limitation 
was that antibiotic therapy did not prove to be 
noninferior to surgical intervention, which is currently 
the standard of care. My suspicion is that this was 
due methodological reasons and not from a true 
weakness of antibiotics per se. For example, the 
investigators had difficulty enrolling patients in the 
trial, necessitating a re-evaluation of the sample size 
that may have led to underpowering and indeterminate 
results. Further studies are needed to conclusively 
validate the findings of Salminen and colleagues.

How will this study impact clinical practice? There 
is now good evidence that select patients with acute 
uncomplicated appendicitis (i.e., nonpregnant, older 
than 18 years, not systemically ill) diagnosed by 
CT scan can be successfully treated with antibiotics 
(intravenous ertapenem for 3 days followed by 7 days 
of oral levofloxacin and metronidazole) with close 
follow up. 

While we wait on additional studies, antibiotic 
therapy instead of immediate appendectomy seems 
to be a reasonable option that can be discussed with 
some patients who present to the ED with acute 
appendicitis.  n

ABSTRACT & COMMENTARY

A Modern Epidemiologic View of Status 
Epilepticus in the United States
By Kimberly Pargeon, MD

Assistant Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Pargeon reports no financial relationships relevant to this study.

SYNOPSIS: In this retrospective review of mortality and hospitalization related to status epilepticus from 1999 to 2010, the authors found 
that the overall mortality remained relatively stable, whereas the rate of related hospitalizations significantly increased, particularly in patients 
who were intubated and in whom status epilepticus was not the primary diagnosis.

SOURCE: Betjemann JP, et al. Trends in status epilepticus-related hospitalizations and mortality: Redefined in U.S. practice over time. JAMA 
Neurol 2015;72:650-655.

Status epilepticus (SE) is a common neurological 
emergency that can have significant effects 

on morbidity, mortality, and healthcare costs. 

Although definitions have changed, SE is presently 
defined as a prolonged seizure or multiple seizures 
with incomplete return to baseline function lasting 
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longer than 5 minutes. The incidence in the United 
States is about 10-41 per 100,000 people with 
higher rates among some ethnic minorities.1 The 
overall reported mortality in adults is about 20%, 
with worse outcomes seen in older adults. 

SE can be further categorized as either convulsive 
or nonconvulsive, although nonconvulsive SE is 
often not well-defined in the literature. Recent 
efforts have focused on early seizure termination, 
typically with pre-hospital benzodiazepines, and 
early seizure detection, particularly for nonconvulsive 
events, through the increased use of continuous EEG 
monitoring.

Betjemann et al sought to examine trends in 
SE-related hospitalizations and mortality in the 
United States using retrospective data from large 
national administrative databases, from January 
1999 to December 2010, for 408,304 hospitalized 
patients. The overall and age-standardized 
mortality rates were determined using data from 
the Centers for Disease Control and Prevention, 
and population-adjusted hospitalization rates 
were determined using the Nationwide Inpatient 
Sample.

They further categorized hospitalizations as 
to whether SE was the principal or secondary 
diagnosis, whether the patient was intubated, 
and by insurance type. The use of video-EEG 
monitoring was identified using a specific ICD-9 
procedure code.

THE FINDINGS SHOW

One of the primary findings was that overall 
mortality from SE (two deaths per 1,000,000 
persons) remained relatively stable from 1999 
to 2010, particularly when it was the primary 
or underlying cause of death, increasing 
by only 5.6%. However, the rate of related 
hospitalizations increased by 56.2%, with the 
most significant increase seen for patients with 
a secondary diagnosis of SE as compared to 
a primary diagnosis (102.0% as compared to 
33.4%). 

The use of video-EEG in SE-diagnosed patients 
also increased from 1.1% in 1999 to 4.3% in 
2010, with the largest relative increase among 
intubated patients with a secondary diagnosis. 
Hospital discharges were also categorized by 
diagnosis type (principal vs secondary) and 
whether the patient was intubated. Although each 
of the four categories demonstrated an increase, 
the largest increase (181.8%) was seen again in 
intubated patients with a secondary diagnosis. 

The investigators also found that SE 
hospitalizations increased for all insurance 
types from 1999 to 2010, but initially remained 

relatively stable for Medicare until an abrupt 
81.1% increase occurred around 2005.

n COMMENTARY
Much of the previous epidemiology of SE has 

been based on observational studies with relatively 
small populations with limited generalizability. 
The current study, however, used national 
administrative databases to evaluate trends in 
diagnosis and mortality over a 12-year span. The 
authors found overall mortality related to SE was 
relatively stable, while related hospitalizations 
significantly increased, particularly after 2005, 
and most dramatically in intubated patients whose 
primary diagnosis was not SE.

The authors postulate that the findings were 
likely attributable to the changes in coding 
practices, particularly after 2007, when coding 
rules and incentives changed for Medicare and 
Medicaid, and increased detection through the 
broader use of video-EEG monitoring. Thus, we 
are identifying more patients with nonconvulsive 
seizures and nonconvulsive SE, particularly in 
critically ill patients. Although overall mortality 
may not be significantly increased, nonconvulsive 
SE may be a marker of underlying brain injury 
leading to increased morbidity.

The authors also note that the related mortality 
was significantly lower in their study, at about 
0.5-2%, as compared to previously reported 
mortality rates, as high as 20%. This difference 
highlights a shortcoming in our present coding 
system. The authors used ICD-9 codes for one 
of the databases, specifically 345.3 for grand 
mal status epilepticus and 345.2 for petit mal 
status epilepticus, the latter technically intended 
for absence status epilepticus. Many patients 
with secondary diagnoses in non-neurological 
ICUs could be alternately coded as seizure NOS 
(780.39) or altered mental status (780.02), so this 
study may underestimate the actual incidence of 
SE.

Although retrospective and possibly 
underestimating the true incidence of SE-related 
mortality, this study highlights a shift in our practice 
to better identify SE, particularly nonconvulsive 
events, through the increased use of continuous 
EEG monitoring. However, we know that both 
convulsive and nonconvulsive SE can lead to 
extensive physiologic and neuronal damage, so 
mortality rates alone may paint a limited picture, 
particularly in critically ill patients.

REFERENCE

1. Dham BS, et al. The epidemiology of status epilepticus in 
the United States.Neurocrit Care 2014;20:476-483.  n
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ABSTRACT & COMMENTARY

Does Bacteremia Associated with Bone 
and Joint Infections Require Prolonged IV 
Antibiotic Therapy?
By Dean L. Winslow, MD, FACP, FIDSA

Dr. Winslow is Chairman, Department of Medicine, Santa Clara Valley Medical Center, Clinical Professor of Medicine and 
Pediatrics (Affiliated), Division of Infectious Diseases and Geographic Medicine, Stanford University School of Medicine.

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

SYNOPSIS: Two hundred sixty-five children with culture-proven acute bone or joint infections were studied. All patients received 2-4 
days of IV antibiotics followed by PO antibiotics. Clinical outcomes and resolution of inflammatory biomarkers were the same whether the 
patient had positive blood cultures or not on admission.

SOURCE: Pääkkönen M, et al. Does bacteremia associated with bone and joint infections necessitate prolonged parenteral antimicrobial 
therapy? J Pediatric Infect Dis Soc 2015;4:174-177.

Two hundred sixty-five previously healthy 
children with culture-proven acute bone 

or joint infection (age range 3 months to 15 
years) were studied. Cultures were obtained 
from the affected bone or joint and from blood. 
Clindamycin or a first-generation cephalosporin 
were given according to randomization for a total 
of 20 or 30 days in osteomyelitis and 10 or 30 
days in septic arthritis. Patients with Haemophilus 
influenza type B arthritis were given IV ampicillin 
followed by PO amoxicillin. Treatment was 
always instituted IV and given for 2-4 days at the 
discretion of the treating clinicians.

The switch to PO was made once the patient 
was felt to be clinically responding and CRP 
began to decline. One hundred thirty-one patients 
had osteomyelitis with or without adjacent 
septic arthritis, and 134 had septic arthritis 
alone. Blood cultures were positive in 59% of 
cases. Staph. aureus (MSSA) was isolated in 199 
cases, Haemophilus influenza type B in 26 cases, 
Streptococcus pyogenes in 25 cases, Streptococcus 
pneumonia in 12 cases, and other organisms in 3 
cases. Mean duration of IV antibiotics was 4 days 
in both the no bacteremia and bacteremia groups; 
CRP normalized in 10 days in both groups; and 
ESR normalized in 23 days in patients with no 
bacteremia and in 24 days in the patients with 
bacteremia. There were no relapses or treatment 
failures in the entire series.

n COMMENTARY
I found this to be a very interesting paper, 

which supports one of my biases regarding 

over-treatment of many infections, especially in 
adult infectious disease. While one needs to be 
careful about extrapolating treatment of a largely 
pediatric disease to adult infections, the take-home 
point still applies: There is nothing magical about 
IV antibiotics despite the common perception of 
patients, generalist physicians, and even infectious 
disease subspecialists that there is.

Despite the potential for even more adherence 
issues in children than in adults, the fact that 
serious bacteremic infections can be successfully 
treated with very short courses of IV antibiotics 
(followed by PO) should be reassuring 
to infectious disease specialists. Since the 
introduction of PICC lines in the 1980s, there has 
clearly been a “duration creep” in the lengths of 
IV treatment of many infections. In most cases, 
there is no justification for this but it is often 
done because of “fear of failure” by the treating 
physicians and there is often the attitude, “because 
we can” since PICCs are so easy to insert.

PLEASE REMEMBER

What is often forgotten is that PICC lines can 
be complicated by subclavian vein thrombosis 
and line sepsis, and the prolonged duration of 
IV antibiotics is likely driving both increased C. 
difficile infection rates and increased prevalence 
of antimicrobial-resistant bacteria, as well as 
dramatically increased costs.  n
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1. In the prospective observational study by Lee 
and colleagues, intraosseous access compared 
to central venous catheter placement in 
medical emergencies:

a. Had a significantly higher first-pass success 
rate

b. Had a higher overall success rate

c. Had a lower complication rate

d. Had fewer attempts per patient

e. All of the above

2. According to the study by Salminen of 
antibiotics for acute appendicitis, compared to 
patients randomized to early appendectomy, 
those who received antibiotics had which of 
the following outcomes:

a. A lower rate of C. difficile colitis

b. A higher surgical complication rate for 
those who later needed surgery

c. A lower surgical complication rate for 
those who later needed surgery

d. A longer length of hospitalization

e. A greater incidence of acute renal failure

3. In the trial by Pääkkönen and co-investigators 
of patients with bone and joint infections, 
what outcomes were observed?

a. Patients with bacteremia had a higher 
treatment failure rate with oral antibiotics 
than with IV antibiotics.

b. Patients with bacteremia required longer 
treatment with IV antibiotics than those 
without bacteremia.

c. There was no difference in outcomes 
between the patients with and without 
bacteremia with regards to need for IV 
antibiotics.

d. Patients with bacteremia had a higher rate 
of adverse drug effects from their treatment.
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