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In the beginning, the specialty of Anesthesiology emphasized analgesia,
amnesia, hypnosis, and optimization of operating conditions, usually
through muscle relaxation to prevent unwanted muscle tone or movement.
During the last half-century, Anesthesiologists added attention to intraop-
erative hemodynamic stability, active minimization of perioperative mor-
bidity and mortality, patient satisfaction, operating room throughput, and
length of postoperative stay. Underlying all of these issues is every
Anesthesiologist’s desire to avoid any complication specifically attribut-
able to the administration of Anesthesia. Two important results stand out:
1) the risk of significant Anesthesia-related morbidity and mortality
typically is orders of magnitude lower than that of the surgical procedure
for which the Anesthesia is provided and 2) our Anesthesiology devices
and medications have an enviable efficacy and safety profile. This is why
our specialty is held as the model for overall patient safety in medicine.1

In fact, Anesthesiologists have created a myriad of technologies, practice
guidelines, and alternative techniques to identify and mitigate a wide
range of problems that occur exceedingly rarely. Malignant hyperthermia
has an incidence of 1/50,000,2 but it has resulted in tens of thousands of
dantrolene carts and tomes of hospital policy (with attendant maintenance
costs) dedicated to the purpose of treating this very rare event. The
combination of “can’t intubate and can’t ventilate” occurs, at most, in only
about 1/1000–1/5000 patients,3 but it has spawned multiple iterations of
difficult airway algorithms,4,5 nearly 800 journal articles that include the
term “difficult airway” since 1980 and an entire industry devoted to
performing ventilation and tracheal intubation in just those few patients.
Intraoperative awareness during general anesthesia might occur in
1/500–1/1000 patients (this is the subject of intense argument and
investigation).6 Nevertheless, it has resulted in another industry that
manufactures and sells highly touted (and expensive) monitors that might,
at best, be marginally effective.7,8 Many other rare events (e.g., pulmonary
aspiration, postoperative visual loss, epidural hematoma, and local anes-
thetic toxicity) also have resulted in routine drug prophylaxis, standards,
guidelines, practice parameters, advisories, etc.

Let’s face it, Anesthesiologists are amazingly risk averse, and prevent-
ing rare events and complication is, in large part, what our specialty is all
about. So, now we turn to the subject of central venous catheterization and
the investigation reported herein by Ezaru et al.9

This study, entitled “Eliminating arterial injury during central venous
catheterization using manometry” reports the experience of a university-
affiliated Veterans Administration hospital that implemented “mandatory
utilization of manometry to verify venous placement” in response to a
sentinel event of arterial cannulation. This retrospective study encom-
passed 16 years with two different data collection schemes. For the first 15 yr,
9348 central venous catheters were inserted without any arterial cannula-
tion with a large bore catheter (7F or larger). During the final year of
reported cases, the database was refined and revealed that in the 511
central venous catheters placed, arterial puncture (with 18-gauge or
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smaller needle) occurred in 28 patients (5%) and was
recognized without manometry in only 24 of these
occasions. Arterial puncture, however, was identified
through the use of manometry in these remaining four
cases, so there was no incident of arterial dilation or
cannulation with a large bore catheter.

Criticisms of this study will include the nature of a
retrospective database review, which is subject to all
of the problems suffered by every retrospective study.
Next, the study took place in a Veteran’s Administra-
tion hospital, wherein attending physicians performed
only two-thirds of the central line placements; perhaps
this accounts for the 5% rate of arterial puncture noted
during the final year of the study, or that recognition
of initial arterial puncture could result only after
applying manometry. However, this 5% is in line with
other reports of unintended arterial (real or simulated)
puncture based upon routine use of anatomic land-
marks,10–14 even with ultrasound guidance.11,15

On the other hand, the retrospective nature of this
study should not dissuade one from accepting its
results, because every arterial dilation and cannula-
tion would likely have become a high-profile event
and, therefore, not escaped the attention of the insti-
tution or these investigators. We do not know of any
data suggesting this problem is more or less likely in
veterans or Veterans Administration hospitals, so this
experience likely represents the patient population at
large. Considering the number of teaching hospitals’
residents and fellows, as well as the widespread use of
physician extenders in nonteaching facilities, perhaps
more than one-third of all central line placements are
not performed by attending physicians. Also, perhaps
many attending physicians will have relatively less
experience than the group reporting the data in this
study, and, thus, will have a greater risk of complica-
tions when performing the procedures themselves.
Unfortunately, the study did not identify the primary
operator in all of the cases involving arterial puncture,
but, again, this fact might be unimportant.

Several articles have been published regarding the
incidence of arterial puncture and cannulation which
confirm these authors’ experiences. Unintentional
arterial puncture with something larger than the tra-
ditional 20–22-gauge “finder needle” occurs in
0.5%–11.4% (mean 5.9%) of all central line attempts.13

Rarely will this event result in patient harm. Vessel
dilation and cannulation with a 7F or larger catheter
has been reported in 0.1%–1% of all central line
attempts.16 The results of this error can be devastating
and include hemothorax, pseudoaneurysm, stroke,
and death.17 In fact, in their review of 14 years of
hospital data, Shah et al.13 report repairing 11 arterial
injuries after unrecognized arterial cannulation with a
large bore instrument (their total number of central
lines for this period was not shown). In three of their
cases, infusions were started before the arterial posi-
tion of the cannula was identified, and all the three
patients developed neurological symptoms.

So, if a simple, quick, and inexpensive method of
risk prevention such as manometry was successful in
even a fraction of cases, it is quite hard to understand
any objection to incorporating it into practice. To put
this into perspective, using the lower limit of inci-
dence, if a hospital performs just 2000 central catheter-
izations per year, and the incidence of this problem is
0.1% (two cases), and manometry is only half as
effective as reported, then one major morbidity, or
perhaps mortality, will be avoided per year in that
facility. Relative to many other rare events, which
cause concern to us as Anesthesiologists, the payback
here is tremendous.

Since time and cost seem negligible, what could be
the objection(s) to routine manometry? First, this
methodology might create a break in sterility. To
perform tubing manometry with most current central
line kits, an extra step of locating a sterile tubing set to
create the manometer becomes necessary. Because
some tubing kits are nonsterile packages with only
sterile fluid pathways, this step might create some
confusion with a resultant break in sterility. However,
some kits already contain manometry tubing and all
kits with Raulerson syringes have a transducing adap-
tor. If tubing manometry becomes a standard, then
commercial reconfiguration will rapidly follow. Sec-
ond, many practitioners will state that there is a potential
difficulty in performing routine manometry, especially if
one’s practice is to use the metal 18-gauge needle for
guidewire access instead of an 18-gauge angiocatheter.
This technique would then entail delicate attachment of
the manometry tubing to the metal needle (M.A.R.’s
technique) or insertion of the guidewire through the
metal needle and exchange (over the wire) of the metal
needle to an 18-gauge angiocatheter (A.B.L.’s method).
We attest to the ease of incorporating this extra step into
practice having collectively performed several hundred
central venous catheterizations in our practices since
adapting manometry as a standard.

We agree with Ezaru et al. and argue that use of
tubing manometry for all elective central vein cath-
eterizations to ensure entry into a vein, rather than
artery, before vessel dilation, will prevent patient
injury. Surely, anyone who insists that their personal
safety record obviates the need for manometry likely
has the dexterity to add manometry to their practice
with less difficulty than it takes to argue against it.
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