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Background: [t is universally accepted that transmission of bloodborne pathogens during health
care procedures continues to occur because of the use of unsafe and improper injection, infusion,
and medication administration practices by health care professionals in various clinical settings. This
resulted in development of multiple guidelines based on case reports; however, these case reports
are confounded by multiple factors without causal relationship to a single factor. Even then, single-
dose vials used for multiple patients have been singled out and became the focus of infection control
policies resulting in inordinate expenses for practices without improving patient safety. The cost of
implementation of single dose vial policy in Interventional Pain Management for drugs alone may cost
$750 million, whereas with single use radional gloves may exceed $1 billion per year.

Study Design: Best evidence synthesis.

Objective: To critically appraise and synthesize the literature on infection control practices for
interventional techniques, including safe injection and medication vial utilization.

Methods: The available literature on infection control practices was reviewed. Due to the nature of
the studies involved, with the majority being case reports, and a few prospective evaluations, quality
assessment and clinical relevance criteria were not applied.

Data sources included relevant literature identified through searches of PubMed and EMBASE from
1966 through June 2012, literature from the Centers for Disease Control and Prevention (CDC),
the U.S. Food and Drug Administration (FDA), and manual searches of the bibliographies of known
primary and review articles.

Outcome Measures: The primary outcome measure was correlating infection to a breach of
standards in infection control practices. The secondary objective was to assess the contribution of
single-dose vials independently for infection.

Results: A total of 60 reports met inclusion criteria, with 16 reports related to pain management and
other procedures, of which 9 reports were attributed to issues related to interventional techniques.

Based on an estimated 37 infections occurring during 200 million interventional techniques from 1997
through 2011, the rate of infection is speculated to be one infection for every 5 million interventional
pain management procedures. However, if 10 times more infections are estimated, the infection rate
appears to be one infection for every 500,000 interventional pain management procedures.

The evidence is good for infection related to a breach of infection control practices. There is good
evidence that contamination of multi-dose or single-dose vials can contribute to infection.

There was poor evidence that the use of single-dose vials on multiple patients with appropriate
infection control practices cause infection in interventional pain management.

Limitations: The limitations of this comprehensive best evidence synthesis include the paucity of
literature and dependence of governmental agencies on their literature without applying Institute of
Medicine (IOM) criteria for guideline synthesis.
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Conclusion: There is good evidence that any breach of sterile practice may result in serious and life threatening infections.
There is poor evidence for single-dose vials as a sole factor causing infections when used in multiple patients in interventional pain

management settings.

Key words: Infection, safe injection practices, single-dose vials, multi-dose vials, surgical face masks, relative risk, interventional

pain management, interventional techniques, sterile precautions
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f the numerous regulations in the health

care arena, infection control practices,

including safe injection and medication vial
utilization, has become a burdensome and expensive
regulations for interventional practices and facilities in
2012. The regulation is hampered by a lack of evidence,
lack of evidence-based guidelines, and the inability
of the Centers for Disease Control and Prevention
(CDQC) to consider cost-effective safety measures (1-
46). It is universally accepted that the transmission of
bloodborne pathogens during health care procedures
continues to occur in various clinical settings due to
the use of unsafe and improper injection, infusion, and
medication administration by health care professionals
(28,29,32,42,47-58). Consequently, multiple guidelines
and regulations have been developed and imposed
(14-33,42,45,46). Unfortunately, these guidelines are
not based on high quality evidence or relative risk
reduction. These issues once again confirm that the
most entrenched conflict of interest in medicine is a
disinclination to reverse a previous opinion (59).

In a review of unsafe injections in the developing
world and transmission of bloodborne pathogens (58),
it was illustrated that unsafe injections accounted for
a significant proportion of all new Hepatitis B and C
infections. This review showed that each person in the
developing world received 1.5 injections per year on av-
erage by 1999. However, institutionalized children and
adults who are ill or hospitalized, including those in-
fected with human immunodeficiency virus (HIV), were
often exposed to 10 to 100 times as many injections.
On average, 95% of all injections were therapeutic, the
majority of which were judged to be unnecessary, with
at least 50% of the injections being unsafe in 14 of 19
countries for which data were available, excluding the
United States. In this review, it was also shown that 5
studies attributed 20% to 80% of all new Hepatitis B in-
fections to unsafe injections, while 3 implicated unsafe
injections as a major mode of transmission of Hepatitis
C. This review did not consider the use of single-dose

vials for multiple patients. An unsafe injection is de-
fined as one in which the syringe, needle, or both, have
been reused without sterilization. They also considered
an unnecessary injection as one where oral alterna-
tives were available, where the injected substance was
inappropriate or harmful, or where the symptoms or
diagnosis did not warrant treatment by injection. Over-
all, multiple studies were shown linking unsafe injec-
tions to the transmission of bloodborne pathogens in
developing countries (60-95). The CDC has published
multiple reviews; however, they were all based on case
reports (31).

Recently, the Government Accountability Office
(GAO) has undertaken an evaluation of unsafe injec-
tion practices (32). The GAO examined available infor-
mation on the extent and cost of bloodborne pathogen
outbreaks in ambulatory care settings related to unsafe
injection practices, changes since 2009 in federal over-
sight to prevent unsafe injection practices that may lead
to bloodborne pathogen outbreaks in selected types of
ambulatory case settings, and other federal efforts or
plans to improve current injection safety practices in or-
der to prevent bloodborne pathogen outbreaks. They
examined the changes in federal oversight designed to
prevent unsafe injection practices in selected types of
ambulatory case settings since 2009, the year of the last
report on health care acquired infections emerged.

The GAO also reviewed the Centers for Medicare
and Medicaid Services' (CMS) policies and procedures,
as well as documentation from accrediting organiza-
tions that survey facilities, to ensure that they meet CMS
health and safety standards. They also examined feder-
al oversight of injection safety in terms of the scope and
content of CMS health and safety standards, and the
processes that CMS used to ensure compliance among
the facilities to which those standards apply. The GAO
included those types of ambulatory care settings in
which the CDC has identified one or more bloodborne
pathogen outbreaks from 2001 through 2011, specifi-
cally ambulatory surgery centers (ASCs) and physician
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offices. The GAO study results showed that data on the
extent of bloodborne pathogen outbreaks related to
unsafe injection practices in ambulatory care settings
were limited and that the full extent of such outbreaks
would most likely be underestimated. Additionally,
while comprehensive data on the cost of bloodborne
pathogen outbreaks to the health care system do not
exist, the CDC and other officials believe these costs may
be substantial for those affected by such outbreaks, in-
cluding individuals, state and local health departments,
and clinicians and health care facilities (42).

According to CDC records, as shown in the GAO
report (32), from 2001 through 2011, there were 18
known outbreaks — episodes of infection transmission
where 2 or more patients became infected - of viral
hepatitis associated with unsafe injection practices at
ASCs and other ambulatory care settings in the United
States. In these known ambulatory care setting out-
breaks, nearly 100,000 individuals were notified to
seek testing for possible exposure to viral hepatitis and
HIV, and of these, 358 were infected with viral hepati-
tis (23,31,32). Furthermore, over 17,000 other patients
were also notified of possible exposure to bloodborne
pathogens because of the unsafe injection practices in
ambulatory care settings outside of these 18 recognized
outbreaks. However, these notification events were not
identified as outbreaks because they did not meet the
CDC's definition of bloodborne pathogen outbreak,
which is an episode of transmission where 2 or more
patients become infected and where these infections
could be epidemiologically linked to a specific health
care facility or clinician (32).

The GAO recommended that the Department
of Health and Human Services (HHS) resume collect-
ing data on unsafe injection practices that will permit
continued monitoring of such practices, that HHS use
those data for continued monitoring of ASCs, and that
they strengthen the targeting efforts of the sole cam-
paign for health care settings not overseen by CMS. HHS
agreed with the GAO's recommendations (32).

In a review published in 2009, Thompson et al (22)
found 33 outbreaks in non-hospital health care set-
tings in the past decade with 12 in outpatient clinics,
6 in hemodialysis centers, and 15 in long-term care fa-
cilities, resulting in 448 persons acquiring a HBV or HCV
infection. In each setting, the putative mechanism of
infection was patient-to-patient transmission through
the failure of health care personnel to adhere to fun-
damental principles of infection control and aseptic
techniques, including the reuse of syringes or lancing

devices. They recommended a comprehensive ap-
proach involving better viral hepatitis surveillance and
case investigation, health care provider education and
training, professional oversight, licensing, and public
awareness. These were considered essential to ensure
that patients were always afforded basic levels of pro-
tection against viral hepatitis transmission.

Guh et al (48) examined records of events that
involved communications to groups of patients, con-
ducted from 2001 through 2011, resulting in blood-
borne pathogen testing stemming from potential
exposures to unsafe injection practices. The authors
identified 35 patient notification events related to
unsafe injection practices in at least 17 states result-
ing in an estimated total of 130,198 patients noti-
fied. Among the identified notification events, 83%
involved outpatient settings and 74% occurred since
2007, including the 4 largest events (greater than
5,000 patients per event). The primary breach identi-
fied in 44%, or more than 16 events, was syringe reuse
to access shared medications either from a single-dose
or multidose vials. Twenty-two, or 63% of notifica-
tions stemmed from the identification of viral hepa-
titis transmission. Thirteen, or 37% of notifications
were prompted by the discovery of unsafe injection
practices, absent evidence of bloodborne pathogen
transmission. The authors concluded that unsafe in-
jection practices represent a form of medical error
that have manifested as large-scale adverse events,
affecting thousands of patients in a wide variety of
health care settings. The authors also suggested that
increased oversight and attention to basic infection
control are needed to maintain patient safety, along
with research to identify best practices for figuring
and managing patient notifications.

In a randomized trial, Anthony et al (35) evaluated
an evidence-based bundle for preventing surgical site
infection. In this evaluation, patients received either a
combination of 5 evidence-based practices (extended
arm) or were treated according to their current prac-
tice (standard arm). The interventions in the extended
arm included 1) omission of mechanical bowel prepa-
ration; 2) preoperative and intraoperative warming;
3) supplemental oxygen during and immediately after
surgery; 4) intraoperative intravenous fluid restriction;
and 5) use of a surgical wound protector. The overall
rate of surgical site infection was 45% in the extended
arm of the study and 24% in the standard arm (P =
.003). A multivariate analysis of this suggested that al-
location to the extended arm of the trial conferred a
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2.49-fold risk independent of other factors tradition-
ally associated with surgical site infections. The authors
concluded that an evidence-based intervention bundle
did not reduce surgical site infections. The bundling of
interventions, even when the constituent interventions
have been individually tested, does not have a predict-
able effect on outcome.

In a study of interventions aimed at reducing the
transmission of resistant bacteria in intensive care (76),
expanded barrier precautions or interventions, when
compared to the existing practice (control), showed
the interventions to be ineffective in reducing the
transmission of methicillin-resistant staphylococcus
aureus (MRSA) and vancomycin-resistant enterococci
(VRE).

In a major study performed by Schaefer et al (43)
on infection control assessment at ASCs, 68 centers
were evaluated; lapses were found in 68% of them.
Major issues were related to blood glucose monitoring
equipment (46%), followed by reprocessing of equip-
ment (28%), and single-dose medication vials for more
than one patient (28%); however, none of these re-
sulted in any infections.

The Association for Professionals in Infection Con-
trol and Epidemiology (APIC) position paper, which is
not based on evidence, also mistakenly follows CDC
guidance on safe injection practices (42). Furthermore,
in an online survey of injection practices among clini-
cians in US health care conducted in May and June of
2010, the majority of the 5,446 eligible respondents
who administer parenteral medications reported in-
jection practices consistent with current recommenda-
tions. However, some unsafe practices were identified,
with 6% sometimes or always using single-dose/single-
use vials for more than one patient with 51.1% reus-
ing a syringe to enter a multidose vial and then 6.5%
saving that vial for use on another patient. In contrast,
it was admitted that only 6% used single-dose/single-
use vials for more than one patient. This is most likely
an underestimation.

Manchikanti et al (33) assessed the rates of infec-
tion in patients undergoing interventional techniques.
In approximately 3,200 patients and over 18,000 pro-
cedures performed during a 20-month period in an
ASC. Simple precautions were utilized for clean pro-
cedures with the use of single-dose vials for multiple
patients, while using safe injection practices, showing
no evidence of infection.

Recently, the CDC proposed that single-dose vials
may be divided into multi-dose vials by a compound-

ing pharmacy (96). However, previous reports illus-
trate some issues related to compounding pharmacies
(56,97). Given that there was not even a single report
of infections with single-dose vials when appropriate
precautions were taken, it may be that the CMS and
CDC are suggesting that practitioners use practices
which have been illustrated to cause infections re-
place practices which have not been shown to cause
any infections.

The CDC issues recommendations for clinicians to
follow in order to prevent and control health care-
associated infections (HAIs). The GAO stated that the
CDC issues these recommendations in the form of
evidence-based guidelines and other informal com-
munications, such as clinical reminders, which are gen-
erally recognized as authoritative interpretations of
the current scientific knowledge base regarding the
prevention of HAIls (31,32). Based on the GAO report,
it is understood that the CDC develops these guide-
lines in collaboration with the Healthcare Infection
Control Practices Advisory Committee (HICPAC) - a
federal advisory committee that provides recommen-
dations to the secretary of HHS and to the CDC and in-
cludes members from outside the federal government
selected for their expertise on infection control (32).
Representatives from CMS, the Agency for Healthcare
Research and Quality (AHRQ), the Food and Drug Ad-
ministration (FDA), the National Institute of Health
(NIH), the Health Resources and Services Administra-
tion (HRSA), and the Department of Veterans Affairs
are included.

In 2007, the CDC issued its most recent infection
control guidelines outlining standard precautions,
which serves as the foundation for preventing trans-
mission of infections during patient care in all health
care settings, and includes recommendations for safe
injection practices (46). In May 2002, the CDC released
a paper restating its position on the appropriate use
of single-dose and single-use vials (31). The CDC rec-
ommends that clinicians limit the sharing of medica-
tions whenever possible. Furthermore, the CDC also
recommended that in times of critical need, qualified
health care personnel may repackage unopened sin-
gle-dose or single-use vials for multiple patients when
performed in accordance with standards in the United
States pharmacopeia on sterile preparations for phar-
maceutical compounding, as well as the manufactur-
er's recommendations for safe storage. In addition,
the CDC also helps to provide assistance to state and
local health departments in their investigations of pos-
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sible bloodborne pathogen outbreaks resulting from
unsafe injection practices, and maintains information
on bloodborne pathogen outbreaks. In addition, CMS,
consistent with statute, has established and overseen
compliance with health and safety standards for ASCs
as a condition of their participation in Medicare (45).
However, not all ambulatory care settings are subject
to CMS’s health and safety standards. Patients may re-
ceive a wide array of services similar to those provided
at ASCs, such as endoscopy and pain management ser-
vices, in facilities designed as physician offices, rang-
ing in scale from a small office facility with a single
physician to a large clinic with multiple physicians and
extensive medical or surgical capabilities (32).

A systematic analysis of the literature was not
performed in the development of these guidelines.
In contrast to the methodology standards for clinical
guidelines, the guidelines were based entirely on case
reports (31,32). When followed, the standards based
on the Institute of Medicine (IOM) methodology re-
sult in reliable guidelines (34). Furthermore, among
the studies quoted by multiple publications, all associ-
ated with the CDC (20-31,48) and the GAO (32), there
were no studies causally relating infections to single-
dose vials used for multiple patients with appropriate
precautions. In the preparation of guidelines, statistics
should not be derived from only limited and selected
examples.

Thompson et al (22) published 33 outbreaks
from 1998 to 2008 (24,29,48,50,51,87,89,92,93,98-
114), the CDC published that 16 outbreaks occurred
in patient notification events (57,77-91), and the
GAO study presented results from 2001 through
2011 that presented 18 infection case reports
(28,50,51,79,83,86,87,89,92,93,95,96,98-101,115-117). In
contrast, Guh etal (48) reported 35 infection outbreaks oc-
curred (28,50-52,83,84,86-89,91-93,98-100,106,115-132).

As indicated, there have been multiple variations
in presenting results. For example, the GAO study
did not include 11 cases included in the CDC report
(57,77,78,80-82,84,85,88,90,91), Guh et al’s (48) report,
and Thompson et al’s report (22). However, single-dose
vials as a causal and sole reason for infection has not
been illustrated in any of the reports. All the studies
included a breach of infection practices; thus, the de-
scription of the inappropriate use of single-dose vials
is appropriate for these cases. It is also possible from
some of the articles that the CDC experts may be mis-
understanding exactly what is involved in these issues

as they note that the procedure tray did not include
masks and the radiation protection gowns were not
washed between cases.

The CMS and CDC issued a memorandum in June
of 2012 (133,134) in reference to repackaging regula-
tions. These regulations permit compounders to divide
multidose vials into multiple single-dose vials under
sterile conditions. It is interesting to note , however,
that multiple infections have been reported from com-
pounding pharmacies caused by contaminations oc-
curring in those compounding facilities. Thus, repack-
aging and compounding facilities may exacerbate this
issue further and increase the expense and the risk of
infection, rather than decreasing it (135-147).

Thus, the recommendations for infection control
which have been universally applied since January
2010 are based on weak evidence from case reports
involving inaccurate and incomplete information and
pure conjuncture. Multiple issues related to a sanitary
environment, traffic flow, environmental conditions
related to the monitoring of the airflow exchanges
or infiltration systems for hospitals and ASCs, regular
facility cleaning and disinfection, and routine hand
washing are essential and common sense approaches.
However, the regulations about safe injection prac-
tices with single-dose and multi-dose vials with one
vial per patient and utilization of expensive radiation
gloves for each and every procedure may be over-
reaching, expensive, and burdensome to the practice
of medicine, specifically for closed procedures, includ-
ing interventional techniques, and may ultimately re-
sult in reduced access. The cost of implementation of
single dose vial policy in Interventional Pain Manage-
ment for drugs alone may cost $750 million, whereas
with single use radiation gloves may exceed $1 billion
per year.

Consequently, we have taken this best evidence
synthesis comprehensive review to evaluate the risk of
infection in patients undergoing interventional tech-
niques, utilizing single-dose vials for multiple patients.

1.0 METHODS

The methodology utilized in this systematic re-
view followed the review process derived from evi-
dence-based systematic reviews and a meta-analysis
of randomized trials and observational studies (148-
157), Standards for Reporting Observational Studies
(STROBE) (158), Cochrane guidelines (153,154), and
quality of reporting of analysis (150,151).

www.painphysicianjournal.com
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1.1 Criteria for Considering Studies for This
Review

1.1.1 Types of Studies
Randomized controlled trials
Non-randomized observational studies
Case reports and reviews

1.1.2 Types of Facilities

Hospital outpatient facilities, ASCs, and office
practices performing interventional techniques were
included.

1.1.3 Types of Interventions

All types of interventions, from simple injections to
major procedures such as disc decompression and im-
plantables, were included.

1.1.4 Types of Outcome Measures

¢ The primary outcome measure was correlation of
infection to breach of standards of infection con-
trol practices.

¢ The secondary objective was to assess the con-
tribution of single-dose vials independently for
infection.

1.2 Literature Search
Searches were performed from the following
sources without language restrictions:
1. PubMed from 1966
www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed
2. EMBASE from 1980
www.embase.com
3. Cochrane Library
www.thecochranelibrary.com/view/0/index.html
4. U.S. National Guideline Clearinghouse (NGC)
www.guideline.gov
5. Previous systematic reviews and cross references
6. Clinical Trials
www.clinicaltrials.gov

7. CDC
www.cdc.gov
8. FDA

www.fda.gov

The search period was from 1966 through June
2012.

1.3 Search Strategy
The search strategy emphasized safe injection prac-

tices, single-dose vials, multi-dose vials, spinal infection,
and infections related to injections.

At least 2 of the review authors independently, in
an unblinded standardized manner, performed each
search. Accuracy was confirmed by a statistician. All
searches were combined to obtain a unified search
strategy. Any disagreements between reviewers were
resolved by a third author and consensus.

1.4 Data Collection and Analysis

The review focused on all types of reports includ-
ing case reports and reviews. We reviewed all records
and reports available from the CDC of outbreaks of in-
fections in ASCs, outpatient pain management clinics,
offices, and other settings when applicable. Apart from
published articles, unpublished reports of outbreak in-
vestigations and communications with state and local
health officials were also assessed. We also have consid-
ered other complications including meningitis, epidural
abscess, and other infections related to interventional
techniques.

For the purpose of this review, while we referenced
multiple manuscripts related to the hospital setting,
outpatient setting, and all infections and outbreaks, we
only counted outbreaks of infections that involved 2 or
more infected persons that could be epidemiologically
linked to a specific health care facility. Patients were
categorized as having a health care-associated infec-
tion on the basis of evidence that included epidemio-
logic findings, temporal associations between patients
and procedures, signs and symptoms of infection, and
absence of traditional risk factors for infection (22).
Similar to Thompson et al (22), persons were consid-
ered potentially at risk for infection if they had received
health care at the implicated facility when transmission
was known to have occurred or when the infection con-
trol lapse considered responsible for transmission was
present. Typically in the outbreak investigations, these
persons were notified of their risk and recommended
to undergo screening. The persons screened included
those potentially at risk for whom the investigating
health department was aware of the screening test
results.

1.4.1 Selection of Studies

¢ In an unblinded standardized manner, 2 review
authors screened the abstracts of all identified
studies.

¢ All articles with possible relevance were then re-
trieved in full text for comprehensive assessment.
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1.4.2 Methodological Quality or Validity
Assessment

Due to the inherent difficulty with the literature
describing adverse effects such as a rare occurrence of
infection, all available literature was included without
methodologic quality or validity assessment; however,
critical assessment of the literature was performed.

Each study was evaluated by at least 2 authors and
any disagreements about conclusions were discussed
with a third reviewer. Authors with a perceived conflict
of interest for any manuscript were recused from re-
viewing the manuscript.

1.4.3 Data Extraction and Management

Two review authors independently, in an unblinded
standardized manner, extracted the data from the includ-
ed studies. Disagreements were resolved by discussion be-
tween the 2 reviewers; if no consensus could be reached,
a third author was called in to break the impasse.

1.5 Summary Measures

Summary measures included probable evidence in
favor of occurrence with a causal relationship to lack of
infection control practices or independently of single-
dose vials utilized for multiple patients.

1.6 Analysis of Evidence

Due to the nature of the issue and available litera-
ture, criteria developed by the United States Preventive
Services Task Force (USPSTF) (159) or other criteria could
not be utilized, thus, the evidence was analyzed based
on a preponderance indicating causal relationship.

2.0 ResuLts

An extensive search of the literature yielded mul-
tiple manuscripts (22,28,29,32,33,35,42,43,48,50,51,53-
57,75-132,160-372).

Of all the reports of outbreaks available, there
were 60 related to outpatient settings and of these, 15
reports directly related to spinal and non-spinal inter-
ventions. Numerous other reports failed to meet inclu-
sion criteria of outbreaks in outpatient settings.

2.1 U.S. Infection Control Practices

Table 1 shows the results of studies of infection con-
trol practices in the United States (23,33,43). Of these 3
studies, Pugliese et al (23) assessed infection practices
among clinicians in United States health care settings
by an online survey in May and June 2010. Manchikanti
et al (33), in a prospective evaluation, assessed infection

control practices for interventional techniques over a
period of 18 months. This evaluation included 12,000
patient encounters with approximately 18,500 proce-
dures. The third study was performed by Schaefer et al
(43). They evaluated infection control practices in am-
bulatory surgical centers.

2.2 Injection Related Infections

There have been numerous reports of injection-re-
lated infections in all types of outpatient and inpatient
settings.

Thompson et al (22), in a review of non-hospital
health care-associated hepatitis B and C virus trans-
mission in the United States from 1998 through 2008,
described 33 outbreaks, with 12 in outpatient clinics,
6 in hemodialysis centers, and 15 in long-term care fa-
cilities, resulting in 448 persons acquiring HBV or HCV
infection.

Guh et al (48) assessed patient notifications for
bloodborne pathogen testing due to unsafe injection
practices in US health care settings from 2001 through
2011. The authors examined records of events that
involved communications to groups of patients, con-
ducted from 2001 through 2011, advising bloodborne
pathogen testings stemming from potential exposure
to unsafe injection practices. They identified 35 patient
notification events related to unsafe injection practices
in at least 17 states resulting in an estimated total of
130,198 patients notified. In this report, they also in-
cluded multiple hospital-related infections, along with
hospital-related outpatient clinics.

The GAO study (32) described 18 case reports in-
volving infections. They described that these incidents
were associated with one or more types of unsafe injec-
tion practices and most were related to improper use of
syringes that led to contaminated medication vials or
saline bags that were then reused for multiple patients.
Table 2, adapted from the GAO report, shows unsafe in-
jection practices that led to known bloodborne patho-
gen outbreaks in ambulatory care settings from 2001
through 2011 based on infection control lapses. In this
description, they show that there were 12 instances
of medication reuse, such as the use of saline bags or
single-dose vials for more than one patient, or multiple
dose vials used for multiple patients without appropri-
ate infection control practices. They also stated that
according to CDC officials, there had been no known
HIV infections linked to unsafe injection practices from
2001 through 2011.

Table 3 shows bloodborne pathogen outbreaks re-
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Table 1. U.S. studies of infection control practices.

Conclusions by the

Author Conclusions

among clinicians in

United States health
care settings. Online
survey.

health care settings
that prepare injections
and are administered
parenteral medications.
The majority of

the 5,446 eligible
respondents reported
injection practices
consistent with current
recommendations.

* 6.5% save that vial for use on
another patient (1.1% overall)

« 6% use single-dose/single-
use vials for more than one
patient, sometimes or always

« 0.9% reuse a syringe but
change the needle for use on a
second patient, sometimes or
always.

safe injection practices

in all health care settings
will require a multifaceted
approach that focuses on
surveillance, oversight,
enforcement, and
continuing education.

Study/Y Method: Result
udyrtear crhods esuis Study Authors of the Review
Pugliese et al (23) An online survey in Unsafe practices: Unsafe injection practices The study shows that
2010 May and June of 2010 « 15.1% reuse a syringe to enter | present an ongoing threat the majority of problems
Injection practices of clinicians in U.S. a multidose vial to patient safety. Ensuring are related to reusing

a syringe to enter a
multidose vial and then
saving that vial for use on
another patient.
However, as in all
self-reporting studies,
the value of the study
results are questionable.
due to underreporting of
practices

Manchikanti et al (33)
2011

Infection control
practices (safe
injection and
medication vial
utilization) for
interventional
techniques: Are they
based on relative
risk management or
evidence?

3,179 patients
undergoing
interventional
techniques from May
2008 to December
2009, were assessed for
the rates of infections.
A total of 12,000
encounters with 18,472
procedures were
assessed. Prospective
evaluation. During
this period, single

dose and multidose
vials were utilized on
multiple patients with
appropriate precautions.

From a total of 3,179 patients
undergoing 12,000 encounters
with 18,472 procedures, 12
patients reported suspicion

of infection. All of them were
evaluated and found to have
only superficial infections due
to the patients’ poor hygienic
practice and requiring no
antibiotic therapy.

There were no infections
of any significance noted
in approximately 18,000
procedures performed
during a 20 month period
in an ambulatory surgery
center utilizing simple
precautions for clean
procedures with the use of
single dose vials for multiple
patients and using safe
injection practices.

This is the first study
conducted evaluating
interventional techniques
with simple sterile
precautions performed
in an ambulatory surgery
center over a prolonged
period of time in a large
population involving
>18,000 procedures
illustrating no evidence of
infections.

Schaefer et al (43)
2010

Infection control
assessment of
ambulatory surgical
centers

68 ASCs were assessed

between June and

October 2008.

Prospective evaluation.

Assessment focused

on 5 areas of infection

control:

« hand hygiene

« injection safety and
medication handling

« equipment
reprocessing

eenvironmental cleaning

« handling of blood
glucose monitoring
equipment

Among the centers

evaluated, interventional

pain procedures were

performed at 26% of

centers with a 95% CI of

27.7%-50.8%.

Overall, 46 of 68 ASCs (67.6%;

95% CI, 55.9%-77.9%) had

at least one lapse in infection

control.

« 25 of 54 ASCs (46.3%; 95%

CI 33.4%-59.6% mishandled
blood glucose monitoring
equipment.

* 19 of 67 ASCS (28.4%; 95% CI,
18.6%-40.0%) failed to adhere
to recommended practices
regarding reprocessing of
equipment.

« 18 of 64 ASCs (28.1%; 95% CI,
18.2%-40.0%) used single-dose
medication vials for more than
one patient.

« 12 of the 68 ASCs (17.6%; 95%
CI, 9.0%-28.1%) had lapses
identified in 3 or more of the 5
infection control categories.

Infection control practices
might be lacking and were
not specific to a given state.
Two-thirds of the pilot
ASCs had lapses in infection
control identified during
the inspection. The study
authors have not cultured
the injection samples.

This study included
interventional
procedures performed
at approximately 40% of
centers.

ASCs = ambulatory surgery centers; CMS = Centers for Medicare and Medicaid Services; CI = confidence interval
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Table 2. Unsafe injection practices that led to the known blood-borne pathogen outbreaks in ambulatory care settings, 2001 through

2011.
. Numb
Infection control lapse that led to nmber . Years of Type of
of Settings States . .
outbreak outbreaks | infection
outbreaks
Syringe reuse or suspected reuse that Alternative medicine clinic, cardiology
contaminated medication vials or saline clinic, endoscopy clinic, hematology- CA.FL 2001, 2002,
bags, and syringe reuse from one patient oncology clinic, hospital-based outpatient S 2003, 2005, | Hepatitis C,
. . . . . : . NE, NV, "
to another or from clinician to patient 16 radiology clinic, hospital-outpatient pain NY.NC 2006, 2007, | hepatitis B,
management clinic, outpatient surgery 6K > | 2008, 2009, or both
clinic, pain management clinic, physician 2010, 2011
office
Mgdlcatlon reuse, such as tbe use of A?te.rnatlve medlcm.e f:llnlc, cardiology CA.TL, 2002,2005, | Hepatitis C,
saline bags or single-dose vials for clinic, endoscopy clinic, hematology- o
. . . . . NE, NV, 2006, 2007, hepatitis B,
more than one patient, or multi-dose 12 oncology clinic, outpatient surgery clinic,
. . . . . L. e NJ, NY, 2008, 2009, or both
vials used for multiple patients without pain management clinic, physician office NC 2010, 2011
appropriate infection control practices ?
Other infection control lapses, such Alternative medicine clinic, hematology-
as mishandling of medication vials oncology clinic, pain management clinic,
or mec!lcatlon preparation, such as physician office CAEL | 20012005, Hepat.1t.1s C,
preparing medication in contaminated 9 NJ, NY 2009, 2010 hepatitis B,
environment or failure to store ’ ’ or both
or prepare medication in aseptic
conditions

Source: GAO analysis of CDC data (32).

Notes: The total number of outbreaks does not add up to 18 because for some outbreaks there was more than one infection control lapse that
contributed to the outbreak. Moreover, because of variation in the way the investigations are conducted by health departments that typically
lead outbreak investigations, additional lapses may have occurred that were not observed or recorded.

According to CDC officials, there were no known HIV infections linked to unsafe injection practices from 2001 through 2011.

lated to unsafe injection practices in ambulatory care
settings. The table was adapted from Appendix 1 of the
GAO study (32) with the addition of studies not includ-
ed in the GAO report.

A total of 60 reports were identified from multiple
sources (28,29,50-52,54,56,57,77-133). These have been di-
vided into pain management and related facilities, endos-
copy facilities, hospital outpatient facilities, other outpa-
tient settings, dialysis centers, and long-term care facilities.

2.3 Evaluation of Infections with Spinal and
Non-Spinal Interventions

Table 4 shows the reports evaluating inter-
ventional  techniques (28,54,56,57,79,81,84,85,92-
97,99,109,115,117,125). A total of 16 reports were iden-
tified involving all types of interventional techniques.
Of these, 2 reports (96,115) were related to procedures
performed in a hospital outpatient setting related to
intravenous sedation rather than infection control
practices related to interventional techniques, with 107
infected individuals. Two reports (56,97) were related
to inappropriate preparation of compounded beta-

methasone and methylprednisolone with 16 individuals
being infected. There were a total of 3 ambulatory sur-
gery centers involved (56,79,99). Of these, one report
was related to issues of a compounding pharmacy with
betamethasone (56). In the other 2 surgery centers, a
total of 6 individuals were infected (79,99). In addition,
2 reports were related to orthopedic clinics (85,94), and
a third one was related to an outpatient radiology clinic
(81) with 12 individuals being infected. Consequently,
9 reports were related to interventional techniques. In
one report (93), investigators showed that there were
no infections reported and there was no breach of in-
fection control practices.

Thus, among the 9 reports (54,57,79,84,92-95,99)
constituting interventional techniques, there was a to-
tal of 37 individuals infected. In contrast, 117 individu-
als were infected with intravenous sedation, whereas
16 individuals were infected with compounding related
issues. Seven individuals were infected in an orthope-
dic clinic and 8 individuals were infected in radiology
clinics. In reference to hospital outpatient centers, a to-
tal of 114 of 148 infections were involved. However, a

www.painphysicianjournal.com
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Table 3. Bloodborne pathogen outbreaks related to unsafe injections practices in ambulatory care seitings.

Comments
Causal
Number of | Number of | Number of c .. Relationship
s?;;llﬂl(g;r;) Year Individuals | Individuals | Individuals Infection Control Lapses Me;lr: j:;xlcll(S) to Single-Dose
8 Notified Screened Infected Vials with
Proper Sterile
Precautions
Pain Centers And Other Spinal And Non-Spinal Injections
Pain Contrast mixed
Management Use of diluted contrast divided into 2 w/ sodium
Clinic (AZ) (94) 2012 NA NA 4 separate bott.les in the morning and cbloru'ie No
afternoon mixed with 10 treatment | solution diluted
of single-dose vial of saline solution | and separated to
2 different vials.
Ambulatory Syringe reuse contaminating
Surgery medication vials; use of single-dose Lidocaine,
Center (Pain vials of contrast, lidocaine, and sodium sodium
Management 2010 2,293 A 2 bicarbonate for more than one patient; bicarbonate No
Clinic) (CA) failure to use aseptic technique when contrast
(79,109) accessing medication vials
Pain Lack of hand hygiene, lack of masks, | Contrast, local
Management 2008/2010 NA 54 4 confirmed | improper cleaning of injection sites, anesthetic, No
Clinic (NY) (57) 5 suspected | single-dose vials for multiple patients | steroid, saline
with contaminated needles bags
Pain Triamcinolone,
Management Syringe reuse contaminating lidocaine,
Clinic (WV) (84) ALLIPNE 110 NA 6 medication vials iopamidol No
(contrast)
Primary Care Mishandling of multi-dose vials
Clinic (GA) (85) used for >1 patient (e.g., handling
in the immediate patient treatment
2009 NA NA 5 area and failure to store according to Steroid No
manufacturer instructions) Inadequate
hand hygiene Incorrect cleaning and
disinfection of medical equipment
Pain . S Bupivacaine,
Syringe reuse contaminating
Management medication vials; use of single- el
Clinic, 2005/2007 98 84 3 . i 8 . triamcinolone, No
L dose vials of contrast (and possible .
Lyt Qi Ketorolac) for more than one patient ol
(NY) (92) P (contrast)
Pain
Management
Clinic, 2005/2007 8,500 NA 0 None None No
Physician Office
(NY) (93)
Pain Multiple medications accessed with a
Management common needle and syringe; single-dose | Contrast, local
Clinic, University | 2005/2008 NA 35 7 vials of medication, including contrast anesthetic, No
Hospital (MA) solution; used for multiple procedures steroid
(54) with technique involving contamination
Ambulatory
Surgical Suspected syringe reuse
Center (Pain 2003 52 35 4 pected syringe reuse. NA No
contaminating medication vials
Management
Clinic) (CA) (99)
Pain . .
Management ents o delen icasolam, | Midazolam,
Clinic Affiliated | 2002/2004 908 795 3land 71 P > fentanyl, No
. . fentanyl, and propofol through a
With A Hospital heparin lock propofol
(OK) (28,115) %
E582 www.painphysicianjournal.com
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Table 3 (cont.). Bloodborne pathogen outbreaks related to unsafe injections practices in ambulatory care settings.

Comments
Causal
Number of | Number of | Number of ... Relationship
sﬁiﬁth(gtiee) Year Individuals | Individuals | Individuals Infection Control Lapses Meldnl ‘C]:RZE(S) to Single-Dose
J Notified Screened Infected Vials with
Proper Sterile
Precautions
Ambulatory
Surgery Center | 2001/2006 NA 78 11 Compounding pharmacy Betamethasone No
(CA) (56)
Pain Inappropriate preparation of
Management 2002 NA NA 5 com ggn dlz d mefh F rednisolone Depo-Medrol No
Clinic (NC) (97) p ylp:
Pain SusPect-ed syringe reuse Propofol,
Management 2011 contaminating medication vials; .
L 466 NA 2 . . midazolam, No
Clinic (NY) single-dose vials of propofol used for lidocaine
(95,117) more than one patient
Orthopedic Patients received single-dose vial
Clinic (DE) (94) bupivacaine provided to multiple
2012 patients from a single-dose vial with L
NA NA 7 breach of safe practice identified Bupivacaine No
without sterile technique. There was
also storage of the solution overnight.
Outpatient Lack of sterile technique without a
Radiology Clinic | 2010/2012 NA 35 3 face mask, reuse of single-dose vials Contrast No
(MO) (81) for multiple patients.
Acute Care
Hospital And
Affiliated
Ml'llt.lspeaalty 2010/2012 3.929 3444 5 Syringe reuse; n.ar.C(‘)tlcs diversion by Narcotics No
Clinic - clinician
Interventional
Radiology (FL)
(96,125)
ENDOSCOPY CLINICS
Endoscopy Suspected syringe reuse
Clinic (NY) 2009 contaminating medication vials; use
(95,120) 3,287 NA 2 of single-dose vials of propofol for Propofol No
more than one patient
Endoscopy 2008 Suspected mishandling of single-
Clinic (NY) 259 NA NA P . . 5 . & Propofol No
(117) dose vials for multiple patients
Ambulatory
Surgical Centers Syringe reuse contaminating
(Single Purpose 2008 63,000 712,000 9 medlcatlon vials; use of single-dose Dot No
and Endoscopy vials of propofol for more than one
Clinics) (NV) patient
(52,87,133)
gi:ilgfclzpy and Suspected syringe reuse
Ambulatory 2006/2007 4,490 841 6 contfa.mmatmg @edlcat1on vials; use Propofol No
. of single-dose vials of propofol for
Surgical Centers more than one patient
(NY) (89) p
En.d(.)scopy 2002/2003 1,199 Suspected needle or syringe reuse Unspecxﬁ'e d
Clinic (NY) At risk=84 78 4 contaminating medication vials anesthesia No
(98,117) B J medications
Endoscopy . Unspecified
Clinic (NY) 2001 2,009 1,315 19 Suspected syringe reuse. anesthesia No
contaminating medication vials s
(28,117) medications
www.painphysicianjournal.com E583
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Table 3 (cont.). Bloodborne pathogen outbreaks related to unsafe injections practices in ambulatory care settings.

Comments
Causal
Number of | Number of | Number of s Relationship
sgi;llth(gtzl;z) Year Individuals | Individuals | Individuals Infection Control Lapses MeIdnl ‘C:;‘l:;(s) to Single-Dose
J Notified Screened Infected Vials with
Proper Sterile
Precautions
HOSPITAL-AFFILIATED CENTERS
Orthopedic Patients received single-dose vial
Clinic (DE) (94) bupivacaine provided to multiple
2012 patients from a single-dose vial with L
NA NA 7 breach of safe practice identified Bupivacaine No
without sterile technique. There was
also storage of the solution overnight.
LA (Y 2011 NA Opvert reuse of insulin demonstration Sa.hne o
(132) 56 NA . possibly non- No
pen from one patient to another .
sterile water
Hospital (N]) 2010 30 NA NA Suspect.ed mlshandl'mg of S}ngle— Propofol No
(121) dose vials for multiple patients
Multispecialty
Cl}mc Afﬁhgted 2010 3.929 NA 5 Syringe reuse, nar?otlcs diversion by Rzt No
with a Hospital provider
(FL) (125)
Hospital-Based
OutPatlent 2010 3,929 3,444 5 Syringe reuse; n.aLrF(?tlcs diversion by Narcotics No
Radiology clinician
Clinic (FL) (96)
Outpatient
C!lmc Afﬁhe.lted 2010 250 NA NA Overt syringe reuse from one patient Botuh.num No
with a Hospital to another toxin
(PA) (130)
Primary Care Mishandling of multi-dose vials
Clinic (GA) (85) used for >1 patient (e.g., handling
in the immediate patient treatment
2009 NA NA 5 area and failure to store according to Steroid No
manufacturer instructions) Inadequate
hand hygiene Incorrect cleaning and
disinfection of medical equipment
Hospitals,
T 0 2007/2009 NA NA Syringe reuse, narcotics diversion b
Surgical Centers 8,690 Yring > rovider Y Fentanyl No
(CO,NY) p
(123,124)
Hospital (TX) 2007/2009 2114 NA NA Overt reuse f)f insulin pen from one Insulin No
(128) patient to another
Hospital (FL) 2009 Overt reuse of saline bag and
(129) 1,851 NA NA intravenous tubing from one patient Saline No
to another
Hospital (NY) 2008 185 NA NA Suspected overt reuse of insulin pen Insulin No
(127) from one patient to another
Hospitals (TX, L . .
VA, District of 2004 543 NA NA iﬁzﬁﬁgz‘\f’;;ﬁ:ﬁl S/SZ;\II?E;S’ Fentanyl No
Columbia) (122) yP
Pain Management Reuse of syringes on multiple .
Clinic Affiliated 2002 patients to deliver midazolam, Midazolam,
. . 908 795 31and 71 fentanyl, No
with a Hospital fentanyl, and propofol through a opofol
(OK) (28,115) heparin lock prop
E584 www.painphysicianjournal.com
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Table 3 (cont.). Bloodborne pathogen outbreaks related to unsafe injections practices in ambulatory care settings.

Comments
Causal
Number of | Number of | Number of ... Relationship
Siltzllth(gt:l;ee) Year Individuals | Individuals | Individuals Infection Control Lapses Melil ‘C,:E,zg(S) to Single-Dose
8 Notified Screened Infected Vials with
Proper Sterile
Precautions
OTHER OUTPATIENT CLINIC(S)
Outpatient . .
Clinic (CO) 2011 171 NA NA Opvert syringe reuse from one patient Inﬂue.nza No
to another vaccine
(131)
Oncology Clinic Overt syringe reuse from one patient
(MS) (119) 2011 623 NA NA to ar'lother, and syrmge rguse ov'er He.parm and No
multiple days contaminating saline saline flushes
bags and heparin bags
Primary Care N . Saline or
Clinic (WI) P s NA Na | Overtreuseolinsulin demonstialion | iy non. | No
(120,132) P P sterile water
Urology Clinic Single-use needle guides (for prostate
(NV) (77) ALY, . Al Al biopsy) used for >1 patient A M
Pediatric Clinic Syringe reuse (i.e., using the same Influenza
(CO) (78) 2011 NA NA NA syringe to administer influenza vaccine No
vaccine to >1 patient)
Physician Office 2010 Suspected overt syringe reuse from Influenza
(NY) (118) % alas Ll one patient to another vaccine Y
Health Fair 50 Same fingerstick device used on >1
(NM) (80) 2010 NA NA patient to obtain blood samples for NA No
blood glucose monitoring
Outpatient Lack of sterile technique without a
Radiology Clinic | 2010/2012 NA 35 3 face mask, reuse of single-dose vials Contrast No
(MO) (81) for multiple patients
Alteltn.atlve . Syfmg'e reuse con.tammat.mg Various infusion
Medicine Clinic 2009 medication vials; mishandling of therapies
(FL) (116) 163 NA 9 medication preparation; use of . . pics, No
. . . including EDTA
single-dose vials of magnesium Lo
. and vitamin C
sulfate for more than one patient
Allergy Clinic Inappropriate selection and dilution
(TX) (82) 2009 NA NA 25 of skin disinfectant NA il
Hematologyi . Mlshandl.mg.of medlcatl(?n Saline flush,
Oncology Clinic vials; medication preparation .
(NJ) (83) 2009 in contaminated environment; possible
4,600 NA 29 X > unspecified No
common-use of saline bag for
. . . chemotherapy
multiple patients; use of single-dose acents
vials for more than one patient 8
Physician Office . .
(Ob/Gyn) (NY) 2008 36 NA NA Overt syringe reuse from one patient Inﬂue.nza No
to another vaccine
(88)
Cardiology 2008 Suspected syringe reuse
Clinic (NC) (86) 1,205 NA 5 contaminating multi-dose vials of Saline flush No
saline used for more than one patient
Physician Office 2007 Suspected overt syringe reuse and
(Dermatology) 13,500 NA NA reuse of surgical instruments from Unspecified No
(MI) (91) one patient to another
Pediatric Contents from single-dose vials used
Oncology Clinic for >1 patient .
(GA) (90) 2007 None NA 13 Saline No
Predrawing saline flush solutions
www.painphysicianjournal.com E585
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Table 3 (cont.). Bloodborne pathogen outbreaks related to unsafe injections practices in ambulatory care settings.

Comments
Causal
Number of | Number of | Number of s Relationship
S?;;ith(g;r;) Year Individuals | Individuals | Individuals Infection Control Lapses Meldl: ‘C:EZE(S) to Single-Dose
8 Notified Screened Infected Vials with
Proper Sterile
Precautions
Alternative 2005 Mishandling of medication vials; Intravenous
Medicine Clinic 253 106 7 failure to prepare and store intravenous Auids No
(FL) (100) infusions under aseptic conditions
Alternative 2005 Reuse of syringes, resulting in
Medicine Clinic 15 15 7 contamination of a saline bag used | Saline solution No
(CA) (101) for more than one patient
Physician Office 2005 Overt syringe reuse from one patient o
(RI) (126) 669 NA NA - Vitamin B12 No
Nuclear Imaging Reuse of syringes used to dilute
(3 facilities 2004 88 75 16 radiopharmaceuticals, resulting in Radio- No
(MD) (102) contamination of technetium-99m pharmaceuticals
sestamibi vial used for multiple patients
Hematology- 2002 Syringe reuse contaminating saline
Oncology Clinic 613 494 99 bags used as a source of flush for Saline flush No
(NE) (28,50) more than one patient
Physician Office Mishandling of medication vials and Atropine
(NY) (28,51) 2001/2002 1042 222 18 injection iqul[.)ment;tme‘dlcztitilon d ethasone, No
preparation in contaminate and vitamin B12
environment
HEMODIALYSIS
Hemodialysis Use of mobile cart to deliver injectable
Center (NY) medications to multiple patients; .
(105) 2006 183 183 7 reuse of single-dose epoetin alfa vials Epoe\t]lizl—salpha No
on multiple patients; failure to clean
dialysis equipment between patients
Hemodialysis Use of mobile cart to deliver
Center (VA) injectable medications to multiple
(103) 2006 64 64 7 patients; reuse of single-dose epoetin | Epoetin-alpha No
alfa vials on multiple patients; failure vials
to clean environmental surfaces
between patients
Hemodialysis Preparation of injections in
Center (IL) contaminated environment; failure
(104) 2001 to separate clean and contaminated Equipment
75 73 11 . o No
areas; failure to change glovesand | contamination
perform hand hygiene after handling
contaminated dialysis equipment
Hemodialysis Preparation of injections in a
Center (OH) contaminated environment; failure
(103) 2000 to clean environmental surfaces Equipment
95 95 5 . . . No
between patients; use of mobile cart | contamination
to transport clean and used supplies
among multiple patients
Hemodialysis Use of mobile cart to transport clean .
Center (WI) 2000 24 24 3 and used supplies among multiple Equip vrner.lt No
. contamination
(103) patients
Hemodialysis Preparation of injections in a
Center (MD) 1998 contaminated environment; failure Equipment
51 51 7 . o No
(103) to clean environmental surfaces contamination
between patients
E586 www.painphysicianjournal.com
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Table 3 (cont.). Bloodborne pathogen outbreaks related to unsafe injections practices in ambulatory care settings.

among multiple diabetic residents

Comments
Causal
Number of | Number of | Number of I Relationship
sﬁiﬁth(gtiee) Year Individuals | Individuals | Individuals Infection Control Lapses Meldnl ‘C]:RZE(S) to Single-Dose
J Notified Screened Infected Vials with
Proper Sterile
Precautions
LONG-TERM CARE
Long-Term Suspected mishandling of insulin Insulin. other
Care Facility 2010 182 NA NA pens for multiple patients, unspecified No
(NJ) (121) mishandling of medication ..
S medications
Assisted-Living Failure to use gloves and perform Equipment
Facility (IL) 2008 105 21% 7 hand hygiene between fingerstick conctlarrPl’ination No
(104) procedures on diabetic residents
Assisted-Living Shared use of fingerstick devices, and Equipment
Facility (PA) 2008 151 25% 9 shared use of glucometers without conctl anI: ination No
(114) cleaning among diabetic residents
Assisted-Living 2007 120 A4 - Shared use of fingerstick device Equipment No
Facility (NY) (112) among diabetic residents contamination
Assisted-Living Shared use of glucometers without Equipment
Facility (IL) (104) 2007 120 108 7 cleaning among diabetic residents contamination No
Assisted-Living Common storage of used and unused Equipment
Facility (FL) 2007 6 6 2 blood glucose monitoring equipment con(tlarrlzination No
(113) (fingerstick devices, glucometers)
Assisted-Living Shared use of fingerstick devices, and Equipment
Facility (VA) 2005 84 39% 7 shared use of glucometers without con‘iclarrI:ination No
(111) cleaning among diabetic residents
Assisted-Living Shared use of fingerstick devices, and Equipment
Facility (VA) 2005 120 29% 4§ shared use of glucometers without con%arrrljination No
(111) cleaning among diabetic residents
Assisted-Living Shared use of fingerstick devices, and
Facility (CA) shared use of glucometers among Equipment
(29) 2004 22 22 8 diabetic residents, failure to wear contamination No
gloves or perform hand hygiene
Nursing Home Shared use of glucometers without Equipment
(NC) (29) 2003 192 192 11 cleaning among multiple diabetic q p- . No
residents contamination
Nursing Home Shared use of fingerstick devices, and
(MS) (29) 2003 160 160 15+ i L Insulin No
cleaning among diabetic residents;
possible contamination of insulin vials
Nursing Home Shared use of glucometers w/out cleaning Equipment
(CA) (101) 2002 38 243 3 among multiple diabetic residents contamination No
Nursing Home Shared use of glucometers without Equipment
(CA) (110) 2002 145 46 3 cleaning among multiple diabetic quipmen No
residents contamination
Nursing Home Shared use of fingerstick device Equipment
(TX) (108) 2001 110 110 > among diabetic residents contamination No
Nursing Home Reuse of disposable end-caps on Equipment
(CA) (106) 1999 59 38 41 fingerstick device shared by multiple con('iarrli’ination No
diabetic patients
Nursing Home Shared use of fingerstick devices, shared Equipment
(CA) (107) 1999 269 55% 5 use of glucometers without cleaning q p‘ . No
contamination

§ = Screening partially restricted to diabetic residents and persons undergoing blood glucose monitoring. + = Two deaths associated with
acute hepatitis B infection. = One death associated with hepatitis B infection
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potential causal relationship was demonstrated in only
one report, 4 cases from Arizona (94) concerning MRSA-
infected patients due to multiple breakdowns in sterile
technique. Further, it appears that infections at a pain
management clinic in New York (95) were mainly re-
lated to narcotic medication and contamination of in-
travenous sedatives, possibly lidocaine. The remaining 7
reports (54,57,79,84,92,95,99) are only correlations and
postulations without a definite causal relationship in-
volving a total of 34 of 148 infections. However, this in-
volvement may be even less if 2 cases (95) are excluded
due to the main description involving intravenous seda-
tion rather than single-dose vials, even though it was
causally mentioned in reference to lidocaine.

2.4 Analysis of Evidence

Based on the available evidence and reports, there
was only one report potentially establishing the rela-
tionship between a single-dose vial used on multiple
patients (94). However, even in this case, questions still
remain in reference to whether it was compounded and
what issues were related to unsafe injection practices.
The remaining 7 reports (54,57,79,84,92,95,99) do not
show a definitive correlation between infections and
single-dose vials used with appropriate precautions.
Among the 7 reports, the evidence showed that in one
report (93), 2 infections were related to compound-
ing pharmacies (56,97). The physicians’ infection con-
trol practices did not cause the infections. Two reports
(96,115) and potentially a third report (95) were relat-
ed to propofol and narcotics. There is good evidence
that safe injection practices must be observed during
interventional techniques. However, there is limited
evidence to show that single-dose vials when utilized
appropriately with sterile precautions are responsible
for infections.

2.5 Summary of Evidence

In summary, there is fair evidence that injections
from compounding pharmacies are not safe. There is
good evidence for resultant outbreaks related to intra-
venous analgesia. A causal relationship between single-
dose vials and infections has not been established due
to poor evidence.

3.0 Discussion

For this comprehensive review, we evaluated 60
publications. This review of infection control practices
for interventional techniques showed good evidence
of unsafe injection practices resulting in multiple out-

breaks. This comprehensive review also showed fair
evidence for an increased risk for infection by com-
pounded products used in clinical settings, specifically
intrathecally or intravenously. There is also good evi-
dence related to intravenous and general anesthetics
being responsible for outbreaks of bloodstream infec-
tions. However, the relationship of single-dose vials to
infection outbreaks is not established in interventional
pain management settings. There is only limited evi-
dence causally relating single-dose vials to infections
when appropriate sterile precautions are observed.
The 60 reports were divided into pain manage-
ment and related facilities, endoscopic facilities, hos-
pital outpatient facilities, other outpatient settings,
dialysis centers, and long-term care facilities. Of the 60
reports, there were 16 reports related to pain manage-
ment facilities, whereas there were 6 reports describing
endoscopy clinics, 13 reports in hospital-affiliated out-
patient centers, 21 reports involving other outpatient
clinics with oncology clinics, primary care clinics, radi-
ology clinics, hematology clinics, etc., and the remain-
ing were related to hemodialysis centers and long-term
care facilities. Some reports were included in more than
one category. The 16 reports originating from pain
management related facilities including a total of 153
infections; however, of these, 37 were related to inter-
ventional techniques (in one report, it was predomi-
nantly contamination of intravenous sedatives), with
107 or 109 patient infections related to intravenous
narcotics, 16 infections related to compounding phar-
macies, and a total of 119 infections related to hospital
outpatient settings. Of these, a total of 6 cases were
related to ambulatory surgery centers after removing
compounding pharmacy infections (which included 11
of them in an ambulatory surgery center), with endos-
copy clinics contributing to 47 infections, hospital af-
filiated clinics contributing to 119 infections, and other
clinics contributing to 213 infections. There was sub-
stantial data missing for hospital infections and other
facilities. In addition, a single hematology and oncol-
ogy clinic (50) reported 99 individuals infected, whereas
another physician office reported 38 cases. However,
missing information is of extreme importance. Thus,
this report, while showing a large number of reports,
9 of 60 related to interventional techniques showed a
maximum of 37 infections related to facilities perform-
ing interventional techniques. Only 4 cases may be di-
rectly related to single-dose vials; however, multiple
questions remain on that issue (58,94). In addition to
the outbreaks even in outpatient settings, there have
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been multiple reports of infections which do not con-
stitute outbreaks, including those in radiology suites,
oncology clinics, interventional pain management clin-
ics, and all other settings.

In a recent report, hospital infections have been
linked to burned out nurses (269). In this survey, hos-
pitals where higher numbers of nurses report burn-
out also had higher rates of surgical site and urinary
tract infections than hospitals with fewer burned out
nurses. This survey specifically showed that those nurs-
es reporting 30% lower levels of burnout had patients
with 6,329 fewer surgical site and catheter-associated
urinary tract infections, which researchers estimated
saved those hospitals $68 million a year. The report was
drawn from a 2006 survey of 7,027 registered nurses
working in 161 hospitals in Pennsylvania. In addition,
an association between nurse staffing in intensive care
unit with patient outcomes were demonstrated to be
consistent with findings and studies of the general
acute care population (368). Multiple other studies
have shown nurse staffing ratios are associated with
patient outcomes (373-387) such as mortality (373-
375,378,379,381-383,387), adverse events, complica-
tions, failure to rescue (375,378,381-383), quality of
care (377), costs (375,378,387), length of stay (375,378),
as well as nurse burnout and job dissatisfaction (381).
Most of these studies were performed in general acute
care units or a conglomerate of hospital/unit types. Sim-
ilarly, an infection control bundle of 5 evidence-based
practices, as reported by Anthony et al (35) in a ran-
domized trial, may also be related to nursing burnout
and stress on professionals due to extensive protocol.

In reference to guideline preparation, the GAO re-
port and the CDC have stated that these guidelines are
considered as evidence-based guidelines. However, the
IOM has released methodology standards for clinical
guidelines, which when followed, result in guidelines
that can be trusted (34). In this manuscript the IOM de-
scribes multiple challenges in developing guidelines.
The IOM states that the literature assessing the best
methods for guideline development have evolved dra-
matically in the 20 years since the IOM’s first report on
the subject. The new definition from IOM is as follows:

1. Be based on a systematic review of the existing
evidence.

2. Be developed by a knowledgeable, multidisci-
plinary panel of experts and representatives from
key affected groups.

3. Consider important patient subgroups and patient

preferences, as appropriate.

4. Be based on an explicit and transparent process
that minimizes distortions, biases, and conflicts of
interest.

5. Provide a clear explanation of the logical relation-
ships between alternative care options and health
outcomes, and provide ratings of both the quality
of evidence and the strength of recommendations.

6. Be reconsidered and revised as appropriate when
important new evidence warrants modifications of
recommendations.

The IOM also described standards for developing
trustworthy clinical practice guidelines which include
the following:

e  Establishing transparency.

e Management of conflict of interest with appropri-
ate disclosures reflecting all current and planned
commercial, non-commercial, intellectual, institu-
tional, and patient/public activities pertinent to
the potential scope of the guidelines, with exclu-
sion criteria to exclude members with conflicts of
interest.

¢ Guideline development group composition.

e Clinical practice guideline - systematic review
intersection.

e Establishing evidence foundations for and rating
strength of recommendations.

e  Articulation of recommendations.

e  External review.

e Updating.

The committee derived several recommendations
directly relevant to the ultimate effectiveness of 8 stan-
dards in increasing the quality and trustworthiness of
clinical practice guidelines and enhancing health care
quality and patient outcomes (34).

The issue of conflicting guidelines is a major
issue in the era of comparative effectiveness research
and evidence-based medicine (1,3,10,12,388-393). A
publication, based on IOM standards, on adverse events
in hospitals showed they were not accurately measured
(394). In fact, they developed a new standard and il-
lustrated that many years and much expense due to the
extensive measures proposed by IOM standards have
not improved care by reducing the number of adverse
events in hospitals, but that adverse events in hospi-
tals may be 10 times greater than previously measured
(394). Multiple issues related to various regulations and
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guidelines since the enactment of the American Recov-
ery and Reinvestment Act (ARRA) (395) and the Patient
Protection and Affordable Care Act (ACA) (396-398)
along with various guidelines have been questioned.
These guidelines are not only related to subjects such as
infection control, but mammography, prostate cancer
screening, fraud and abuse, and even the administering
of sedation during procedures, just a few of the issues
affecting medical practices in the modern era (399-416).
At the same time, the present administration has at-
tempted to liberalize regulations on how these proce-
dures can be performed and by whom, issuing unneed-
ed clarifications and expanding the role of certified
registered nurse anesthetists (CRNAs) allowing them to
perform interventional techniques (14,417,418).

Livingston and McNut have described the hazards
of evidence-based medicine in assessing variations
in care (419). They showed that, in their evaluation,
multiple issues related to frequently used measures of
processes of care by Medicare’s 25 quality metrics (420)
may have been causing harm rather than providing
benefit. Traditionally it has been touted by authorities
that adherence to these processes is thought to lead to
improved outcomes.

One such program, the surgical care improvement
project, was introduced in 2006 with a goal of reducing
surgical complications by 25% by 2010 (421). This proj-
ect was based on observational studies demonstrating
associations between process and outcomes, leading
the experts to conclude that adherence to the series of
process measures would result in better care. In reality,
for some process measures, studies have shown that ad-
herence to these measures is not necessarily associated
with improved outcomes, but may actually be harmful.
This has been illustrated with perioperative antibiotic
use and postoperative wound infection (422), and for
acute myocardial infarction, heart failure, and pneumo-
nia (423). Another measure which has been reported
to be harmful was tight glucose control in critically ill
patients (424).

It is often stated that most infection outbreaks
are related to outpatient settings. However, among
the many reports available, a significant proportion
of them are related to hospital acquired infections
(123,127-129,135,136,161,165,172,182-184,186,188-
190,192-194,197,202,203,205-208,210,211,214,215,219-
222,224,225,227,229-232,235-237,239,241-243,245-
247,249,283,287,288,294,300,301,305,307,309,331-
340). Apart from single-dose vials, multiple other
techniques have been described to control infections.

Surgical face masks have been shown to be effective
in reducing bacterial contamination caused by dispersal
from the upper airway (266). All reports of outbreaks
failed to follow this simple infection control measure.
Further, absolute sterile technique and storage in
drawing these solutions is also of extreme importance
(266-268).

A recent report from the CDC (94) showed MRSA
infection occurred with a transfer of contrast medium
into 2 separate bottles and using them later in the day.
An additional factor was that they also mixed contrast
with sodium chloride solution. They also were not
wearing masks. The origin of these vials and infection
control practices other than using them for more than
one patient are not known. The issue relating to con-
trolling MRSA infection is not limited to interventional
settings, which involves only one case report (94). In
fact, multiple policies have been developed to control
MRSA in various hospital settings (273,274). Thus, the
question of whether to screen patients for possible car-
riage of MRSA when they are admitted to hospitals has
been one of the most controversial areas in infection
control during the past decade and is not yet resolved
(294). The conflicting evidence has led to diverse na-
tional policies and local strategies to identify those who
should be screened and possibly undergo MRSA decol-
onization treatment (294). Even then, the prevalence
of MRSA has now been reduced, even in high income
countries that have not implemented universal MRSA
screening and decolonization policies.

A study of universal screening for MRSA at hospital
admission and nosocomial infection in surgical patients
in the United States (273) concluded that a universal,
rapid MRSA admission screening strategy did not re-
duce nosocomial MRSA infection in a surgical depart-
ment with endemic MRSA prevalence but relatively low
rates of MRSA infection. In contrast, another study in
the United States (279) concluded that MRSA coloni-
zation of the nares, either present at admission to the
hospital or acquired during hospitalization, increases
the risk for MRSA infections. In addition, identifying
MRSA colonization at admission could target a high-
risk population that may benefit from intervention to
decrease the risk for subsequent MRSA infection. Fur-
ther, in a study of routine screening for MRSA, among
patients newly admitted to an acute rehabilitation unit
in the United States (275), published in 2002, based on
an outbreak of MRSA in 1987, showed that the rate of
MRSA isolation from one or more body sites increased
significantly from 5% in 1987 to 12% in 2000 for new-
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ly admitted patients and from 0% to 7% for in-house
transfers. The results showed that a negative nasal cul-
ture was highly predictive (98% of a negative perianal
culture). Prior history of MRSA infection or colonization
and transfer from outside sources were independently
associated with positive MRSA screening cultures. Thus,
in the future, it may be essential to use appropriate
measures of hand hygiene, sterile preparation, mask,
and MRSA cultures. However, the role of MRSA infec-
tions when health care professionals use all the precau-
tions is not known in acute care settings such as inter-
ventional pain management.

The majority of these infections are serious. Fur-
ther, numerous factors are involved, including very ill
patients and immunosuppressed individuals receiving
catheterizations and infusions. None of these relate
solely to single-dose vials, specifically the ones used in
interventional pain management. The second major
category is related to intravenous anesthetics and seda-
tives (55,87,89,140,225,240,241,246,248,256). The ma-
jority of them were related to propofol and fentanyl.

There were multiple reports of infections from re-
processing of equipment (43,299,306,310,320,341).

There was a report of catheter-related polymicro-
bial bloodstream infections among pediatric bone mar-
row transplant outpatients in Atlanta in 2007 (90). In
this study, 30 outpatients treated at a new bone mar-
row transplant clinic September 10-21, 2007, were
enrolled in a cohort study. Investigators speculated
that infection prevention challenges in the new clinic,
combined with successive needle punctures of vials, fa-
cilitated extrinsic contamination and transmission of
health care-associated pathogens. Even though they
recommended preservative-free single-use vials not be
punctured more than once, there was no correlation
for the infections. However, in this setting, with bone
marrow pediatric transplant patients who were immu-
nosuppressed, it was essential to take all precautions,
including single-dose vials for one patient.

There was a case report of the transmission of the
hepatitis C virus during myocardial profusion imaging
in an outpatient clinic (86). The study was initiated fol-
lowing a report of HCV infection in a patient without
identified risk factors who had undergone myocardial
profusion imaging 6 weeks before diagnosis. Clinical
and epidemiologic information was obtained for pa-
tients with HCV infection and molecular testing was
performed to assess viral related evidence of HCV trans-
mission among patients who had undergone myocar-
dial profusion imaging at the cardiology clinic on 2

separate dates, involving 2 potential source patients
and a total of 5 newly infected patients. Molecular test-
ing also identified a high degree of genetic homology
among viruses from patients with common procedure
dates. In this facility, the nuclear medicine technologists
routinely drew a flush from multidose vials of saline
solution using the same needle and syringe that had
been used to administer radiopharmaceutical doses.
Even though the multipatient use of vials was not ob-
served, it was shown that it had occurred in the past.
There was no evidence of transmission via contamina-
tion of radiopharmaceuticals at the nuclear pharmacy.
The North Carolina Department of Health and Human
Services concluded that transmission of HCV occurred
because of unsafe injection practices during myocardial
profusion imaging. It appears that this occurrence may
be related to unsafe injection practices rather than safe
injection practices using single-dose vials for multiple
patients.

A hepatitis B outbreak associated with a hematolo-
gy-oncology office practice in New Jersey was reported
in 2009 (83). Counsel on state and territorial epidemi-
ologists of New Jersey performed an onsite inspection
and environmental assessment, staff interviews, records
review, and observation of staff practices, following 2
reports of acute HBV infection after receiving chemo-
therapy at the same physician’s office. Investigators
identified multiple breaches in infection control, includ-
ing deficient policies and procedures, improper hand
hygiene, medication preparation in a blood processing
area, common use saline bags, and reuse of single-dose
vials. Out of 2,700 patients notified, 29 outbreak associ-
ated HBV cases were identified. Consequently, the of-
fice practice was closed and the physician’s license was
suspended. Based on multiple unsafe injection prac-
tices, it is impossible to derive a causal relationship to
single-dose vials utilized with safe injection practices.

Some states also appear to have more hepatitis
outbreaks than others. The CDC attributed these fac-
tors to some states being more advanced in identifying,
investigating, and reporting bloodborne pathogen out-
breaks than others, which may make them appear to
have more outbreaks. Further, the underestimation is
based on a study by the IOM which showed that about
65% to 75% of individuals infected with hepatitis are
unaware that they are infected (343). First, many peo-
ple infected with hepatitis are not aware that they have
been infected until they have symptoms of cirrhosis or
liver cancer many years later. Second, when symptoms
do occur, it may be too late to determine the exact in-
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cidence that caused the infection. However, clinicians
generally are required to report cases of acute hepatitis
B and C infections to their state or local health depart-
ments, though this varies by state. Health departments
also acknowledge that tracking an infection to a spe-
cific health care facility can be difficult because treat-
ment in a health care facility is not generally considered
to be an important risk factor for these types of infec-
tions (32). Third, the CDC officials also stated that while
state and local health departments and even medical
staff often may choose to notify the CDC about poten-
tial bloodborne pathogen outbreaks, including those
possibly related to unsafe practices, there is no require-
ment for such reporting (344). Consequently, the CDC
officials only identify potential bloodborne pathogen
outbreaks related to unsafe injection practices when
state or local health departments seek their assistance
during their investigations of potential outbreaks. Fi-
nally, available evidence also indicates, based on the
GAO report, that the unsafe injection practices that can
cause bloodborne pathogen outbreaks may be preva-
lent in ASCs, which increases the likelihood that other
such outbreaks are occurring undetected in addition to
those that have been identified. This is based on a 2008
survey of a randomly selected sample of 68 ASCs in 3
states showed that that about 28% of ASCs were cited
for deficiencies related to injection practices or medica-
tion handling - primarily for the use of single-dose vials
for more than more patient.

According to CDC officials and others the GAO has
contacted, while the financial cost to the health care
system of bloodborne pathogen outbreaks related to
unsafe injection practices can be substantial, there are
no comprehensive data on the total costs attributed to
such outbreaks. For individuals who are notified that
they are at risk of a bloodborne pathogen infection,
costs may be incurred for testing (43). The GAO shows
an example that in response to a large hepatitis C out-
break in Nevada which required notification of more
than 60,000 patients to seek bloodborne pathogen
testing, the Southern Nevada Health Department es-
timated that the laboratory cost for testing all of the
potentially exposed patients would be $13.8 million
(133). Further, the Southern Nevada Health Depart-
ment (133) estimated that the cost of treatment for
an infected patient would be $30,000. In addition, the
GAO estimated that state and local health departments
may incur costs for investigating and responding to po-
tential outbreaks, including the cost of notifying and
potentially providing bloodborne pathogen testing for

patients who may have been exposed to unsafe injec-
tion practices.

Based on the same example, the Nevada Health
Department estimated that from January 2008 through
May 2009, the outbreak investigation and response
cost the health department about $830,000 including
$255,605 in staff time by health department employ-
ees. Further, the costs for clinicians and health care fa-
cilities that are directly involved in outbreaks may incur
costs associated with lawsuits and settlements. Follow-
ing a Nebraska outbreak in 2002 (345), the Nebraska
Excess Liability Fund, administered by the Nebraska De-
partment of Insurance for medical professional liability
coverage, paid nearly $9 million in indemnity costs to
settle 83 cases as of December 2010 (346). In addition,
clinicians who cause bloodborne pathogen outbreaks
through their use of unsafe injection practices may be
at risk of losing their medical licenses or facing felony
charges related to the outbreak. For example, as the
GAO stated, the physician and 2 nurse anesthetists
involved in the Nevada outbreak currently are facing
state criminal charges tied to the outbreak (347).

As shown in the ASC study (43), 46% of ASCs mis-
handled blood glucose monitoring equipment, 28%
failed to adhere to recommended practices regarding
reprocessing of equipment, 28% used single-dose med-
ication vials for more than one patient, and approxi-
mately 18% had lapses identified in 3 or more of the
infection control categories. It is rather surprising since
they know that they are being inspected. Two-thirds of
the centers continue to have lapses. Results also suggest
that the audit is likely to enhance surveyor attention to
infection control, resulting in an increased number of
facility citations related to infection control and medi-
cation handling compared with national numbers from
the previous year. However, no infections were report-
ed in this study or from the centers which were involved
in this study. Lapses with single-dose vials were similar
to a lack of adherence to reprocessing of equipment.
Further, this was a great opportunity for surveyors to
culture the injection samples but they have not done
so. The issue of costs can go in both directions; increas-
ing regulations without evidence increases costs, which
may not assist in reducing costs due to exposures. The
costs of implementing of single-dose vials appropriately
with radiation protection gloves will skyrocket, which
may amount to $1 to $2 billion a year for interventional
techniques.

In 2009, CMS substantially expanded its oversight
of unsafe injection practices in ASCs by increasing both
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the intensity of its examination of safe injection and
other infection control practices and the number of on-
site surveys conducted in ASCs to determine compliance
with CMS health and safety standards (27,32). Within
these health and safety standards, those relating to in-
fection control specifically require ASCs to maintain an
infection control and prevention program designed to
minimize the occurrences of HAls, such as bloodborne
pathogen infections resulting from unsafe injection
practices, and have a qualified professional direct this
program (46). Safe injection practices are included un-
der several of CMS's broader health and safety stan-
dards, which also address a number of other topics
related to infection control and medication administra-
tion (347).

CMS also directed the surveyors to use a tracer
methodology in conjunction with the worksheet, which
according to CMS officials, involves observing a patient
at the beginning and end of a procedure or through
his or her entire procedure. In addition, for fiscal years
2011 and 2012, CMS expects that state survey agencies
will survey at least 25% of unaccredited ASCs each year,
an increase from its expectation that at least 10% of
unaccredited ASCs would be surveyed annually in fiscal
year 2009, and 5% in fiscal year 2008. This is second-
ary to CMS making available $10 million in additional
funds to state survey agencies to survey unaccredited
ASCs, and in fiscal year 2010, CMS expected the survey
agencies to survey at least 33% of unaccredited ASCs.
CMS plans to officially analyze the data; as of May 2012,
CMS officials expected to have this analysis completed
in July 2012 in reference to surveys and infection con-
trol issues. Further, CMS officials said that the agency
decided to stop collecting data directly from surveyor
worksheets after fiscal year 2011; however, the GAO
recommended that this be continued and HHS agreed
(32).

The GAO report shows many issues related to the
information provided by the CDC without direct collec-
tion of the information or direct analysis of the data.
It is notable that the GAO has not used all the studies
reported in the CDC’s latest report (133). Eleven of the
16 studies reported by the CDC were not included in
the GAO report even though the total included in the
GAO report was 18. The present analysis includes all the
studies, once again confirming that there is no direct
causal relationship to single-dose vials being respon-
sible for bloodborne pathogen outbreaks or infections
when appropriate sterile measures are utilized. There
are multiple limitations to various evaluations, includ-

ing the present evaluation, due to limited data. All the
studies, including the present one, have included re-
viewed outbreaks based on investigations by the CDC
or state and local health officials meeting inclusion cri-
teria of at least 2 patients.

In 2006, the national viral hepatitis survival data
revealed that 50% of patients with acute HBV and
HCV infection were reported not to have accompany-
ing risk factor data (348). Among patients for whom
risk factors data were reported, 56% with acute HBV
infection and 32% with acute HCV infection could not
specify a known risk factor for their infection such as
injection drug use, sexual or household contact with
another infected person, occupational exposure to
blood, or needlestick injury (348). Thus, viral hepatitis
surveillance reports from health departments may con-
tain HBV and HCV infections that were unknowingly
acquired in health care settings. Consequently, these
points underscore the inadequacy of current surveil-
lance for bloodborne pathogen outbreaks in the Unit-
ed States to detect health care related infections. Thus,
Thompson et al (22) noted that their report should be
considered the “tip of the iceberg.” By the same token,
the expenses related to unproven measures without
implementing appropriate measures to provide cost-
effective drugs for single doses is enormous and the in-
terventional pain management descriptions itself may
be the “tip of the iceberg.”

Hospitals have been applauded for well-established
and updated infection control measures (352,353) and
employment of infection control personnel to conduct
surveillance, monitor practices, and provide education
and training on appropriate infection control prac-
tices. Thompson et al (22) and the GAO report (32)
also described that specific infection control resources
and oversight have traditionally been lacking in non-
hospital settings (49,354-357). They state that without
better adherence to standard precautions and aseptic
technique, the number of persons who become in-
fected or are placed at risk for bloodborne infections
in these settings may continue to increase. However,
many outbreaks related to hospitals, both inpatient
and outpatient settings, may continue to increase.
Once again, this may only be the “tip of the iceberg.”
Further, compounding issues continue to mount both
in hospital and nonhospital settings. In fact, a report on
the state of pharmacy compounding for purchase prod-
ucts showed that trends in patient incidences involving
compounding errors have increased from 30% in 2009
to 33% in 2010 and 34% in 2011, with an increasing
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number of hospitals recognizing that they have had a
patient incident(s) involving a compounding error over
the past 5 years.

Interventional pain management has been grow-
ing rapidly (425-434). The United States is facing a
major crisis with exploding health care expenditures
resulting in numerous regulations. Along with vari-
ous sectors of health care, increasing expenses are part
of interventional pain management. Further, in these
debates, the lack of effectiveness of interventional
techniques is also discussed; however, multiple well
conducted studies and systematic reviews illustrate evi-
dence contrary to such assertions (435-446). However,
significant issues related to fraud and abuse in relation
to interventional techniques continue (4,5,447,448).
Thus, patient safety and incurred expenses are ma-
jor issues for all health care professionals and regu-
lators. There is also potential for increase in opioid
use resulting in abuse and escalating fatalities (28-
31,52,94,97,133,147,164,177,280,348,360,361,362,449-
453). Thus, appropriate provision of interventional
techniques is essential to contain health care costs, ex-
cessive opioid use, and abuse, and avoid an epidemic
of fatalities.

From 1997 through 2011, it is estimated that a to-
tal of 200 million interventional procedures were per-
formed, with only 37 infections during that time. If the
infections were to increase 10-fold, it would translate
to 1 infection for approximately every 500,000 pro-
cedures. However, if the infections are increased by
100 fold, it would translate to one infection for every
50,000 interventional procedures.

This evaluation in reference to interventional tech-
niques and infection control practices shows only lim-
ited or poor evidence correlating the use of single-dose
vials with appropriate infection control practices and
the occurrence of infections. Of all the reports avail-
able, there were 11 studies directly related to interven-
tional techniques (54,56,57,79,84,92-94,97,115,162).

Further, the majority of the reports evaluated sys-
tematically failed to show an occurrence of infections
even though they illustrated many infection control
breakdowns. The only infection control reports are re-
lated to the postsurveillance reports.

To resolve the issue of single-dose vials in refer-
ence to infection outbreaks, the administration and
Congress should impose regulations on manufacturers
to produce single-dose vials which are cost-effective
rather than artificially inflate prices where a 50 mL vial
of contrast medium is less expensive than a 10 mL vial.

4.0 ConcrLusion

This comprehensive review shows the importance
of adherence to infection control practices, including
handwashing, wearing a mask during interventional
procedures, following appropriate sterile precautions
at each and every step, environmental infection safety,
and finally, vigilance. However, this evaluation fails to
show causal relationship with limited evidence connect-
ing single-dose vials to infection outbreaks when ap-
propriate sterile precautions were utilized. To continue
to utilize CDC guidelines that a single dose be utilized
in a single patient, it is crucial that the Administration
and Congress work with manufacturers and produce
cost-effective single-dose vials, which do not increase
health care costs and curb access to health care.
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