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Abstract

Background: Obtaining intravenous access in hypotensive patients is challenging and may critically delay resuscitation. The Graduated Vascular
Access for Hypotensive Patient (GAHP) protocol leverages intraosseous fluid boluses to specifically dilate proximal veins. This study aims to eval-
uate the efficacy of GAHP in maximizing venous targets through early distal intraosseous access and a small fluid bolus.

Methods: This was a prospective randomized cadaveric pilot study to evaluate extremity venous engorgement during intraosseous infusion. Cadav-
ers (n = 23) had an intraosseous needle inserted into four sites: distal radius, proximal humerus, distal femur, and distal tibia. Intraosseous saline
was rapidly infused, venous optimization was measured using real-time ultrasound. Primary outcome was maximum vessel circumference increase
with intraosseous infusion. Secondary outcomes were: time to maximum circumference, and infusion volume required. Statistical analyses included
Levene’s test for equality of variances, Wilcoxon signed-rank test, and generalized estimating equation.

Results: There was a significant mean increase of 1.03 cm (95% Cl 0.86, 1.20), representing a difference of 102%. We found no significant dif-
ference in time to optimize vessel circumference across sites, but volume required significantly differed.

Conclusion: GAHP quickly and effectively increased the circumference of anatomically adjacent veins. Anatomical sites did not differ on time to
reach maximum enlargement of vessels following intraosseous infusion but did differ in terms of volume required to maximize vessel circumference.
Further research is needed using live, hypotensive patients.
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proves difficult, time consuming, and stressful.'® Traditional meth-
ods of emergent peripheral and central venous cannulation fre-
quently carry the limitations of high failure rates, necessity of
Vascular access during resuscitation remains a critical challenge. In repeated attempts, protracted delays in treatment, and operator-
situations of profound hypotension, traditional vascular access often related stress.* Although intraosseous (I0) access has proven faster
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and more successful than traditional intravenous (IV) methods for
hypotensive presentations, often acting as a bridge to definitive
peripheral or central venous access, it has not been established as
a long-term solution for vascular access.” "' This is attributed to a
lack of confidence in IO patency over prolonged cannulation, con-
cern for dislodgement, varied flow rates, patient discomfort, and a
lack of operator familiarity in settings other than austere, and emer-
gency medicine.>™® These challenges are magnified in dynamic envi-
ronments, prolonged care scenarios, or when patient movement is
required.>”"'? These limitations catalyzed an exploration of an inno-
vative approach and functional solution to address the gap between
I0 access and the rapid establishment of definitive intravenous
access, while not interfering with initial resuscitation.

One prevalent misconception surrounding the use of 10 access is
that it can replace a peripheral IV or central line.'® Clinical practice
continues to demonstrate that 10s are unsuitable for prolonged
use; consequently, clinicians often bypass IO access, viewing it as
a cumbersome procedure with limited value.* Even when resuscita-
tion teams are presented with a functional 10, they still expend con-
siderable focus, effort, and time at the patient’s expense, attempting
to establish more durable access.” Substantial literature and anecdo-
tal experience suggest that 10 access provides clinicians a viable
pathway to the central circulation.®>”'> What is not appreciated is
the relationship between fluid bolusing via IO and venous optimiza-
tion (i.e., maximum venous circumference) of proximal vessels in
the same extremity, potentially facilitating easier, safer, and less
stressful establishment of peripheral or central venous access. This
graduated process translates to quantifiably larger vessels, which
may improve vascular access procedures.’'*'® This realization
suggests that providers could initiate resuscitation with 10 access
and then utilize the established IO to sequentially step-up to defini-
tive intravenous access. This graduated approach, which we term
the Graduated Vascular Access for Hypotensive Patient (GAHP) pro-
tocol, may represent a new option in the management of patients
with initially difficult vascular access.

Successful early vascular access may ultimately improve the
choreography of resuscitation, decrease time-to-direct-venous-
access, as well as offer a reduction or alleviation of failed venous
access attempts, undue stress, and iatrogenic injury. Although other
studies have evaluated maneuvers of vessel augmentation and opti-
mization to facilitate subsequent venous access, none have involved
a simultaneous commencement of resuscitation or the use of distal
10 access for the expressed purpose of proximal vessel filling.'? This
study aims to evaluate a protocol that simultaneously permits imme-
diate access for resuscitation, while also optimizing venous vascula-
ture for long-term vascular access on the same extremity or proximal
junction. We hypothesized that distal 10 catheter-mediated infusion
would demonstrate significant, rapid expansion of proximal venous
vasculature within the same extremity in cadaveric models.

Materials and methods

Study population and setting

This study was conducted at the Centre for Emergency Health
Sciences in Spring Branch, Texas, between 11 October and 15
November of 2023. The study capitalized on the facility’s capacity
to procure recently deceased, non-frozen, non-embalmed, unaltered,
adult male and female cadavers for scientific studies and procedural
courses. Adult cadavers of any age, weight, sex, and race were

eligible for inclusion in the study during the above time period. Exclu-
sion criteria for cadaveric extremities included: evidence of scarring
in the antecubital fossa, presence of a dialysis fistula or vascular
graft, partial or complete extremity amputation, evidence of prior
saphenous vein harvest, recent orthopedic surgery, or implanted
hardware. Extremities were also excluded if IO catheter placement
failed, indicated by fluid extravasation.

Study design

The study employed twenty-three consecutive, fresh, unembalmed
cadavers of a convenience sample received by the Centre. In order
to ensure that our findings would not be device dependent, the
cadavers were randomized using a publicly available randomization
program (https://www.random.org) to one of three commercially
available 10 device types: the powered EZ-IO® (TeleFlex Arrow),
the manual Jamshidi™ (Becton Dickinson and Company), and the
mechanically-assisted SAM® 10 (SAM Medical). These 10 devices
were selected out of convenience and available stock from the study
facility. All IOs were 15-gauge in circumference and 45-mm in length.
The randomization process was unblinded, with each device corre-
sponding to a numerical assignment. Extremity selection order was
also randomized. The 10 needle sets were inserted into four distinct
sites: distal radius (to evaluate the cephalic vein), proximal humerus
(axillary vein), distal tibia (great saphenous vein) and distal femur
(common femoral vein). The proximal humeral and distal femoral
sites were considered to target proximal/deep vessels, while the
radial and tibial sites targeted peripheral/superficial vessels. These
sites were chosen to demonstrate that the technique is effective
for both superficial and deep proximal venous vessels.

Once in position, the 10 catheters were attached to an extension
set primed with 0.9% sodium chloride (normal saline [NS]) and cor-
rect placement within the bone was confirmed by aspiration. A hand-
held, manually-operated syringe pump (LifeFlow®; 410 Medical, Inc.,
Durham, NC) was attached to the extension set, allowing investiga-
tors to precisely and rapidly deliver continuously measured fluid
boluses titrated to achievement of maximum steady venous disten-
sion."® No venous tourniquets were placed.

Target vessels were identified by investigators experienced with
diagnostic US (Sonosite Xport, FUJIFILM SonoSite, Inc.) in the
transverse plane, using non-compressive contact, at standard sites
commonly used for venous cannulation in clinical practice (see
Fig. 1). Measurements were taken once per extremity. Circumfer-
ence change of the vessel was measured using a pre-loaded formula
on the US machine, measuring from internal vessel wall to internal
vessel wall. In the event that a vein of interest was unidentifiable,
suggestive of a “flat” hypotensive presentation, the location of the
vein was verified by co-localized anatomical structures and venous
circumference was recorded as 0 cm. Video recording and US image
capture was used to measure the following during bolus NS infusions
at the selected |0 sites: a) maximum venous circumference (mea-
sured in centimeters); b) time elapsed to reach maximum vessel cir-
cumference (measured in seconds); and c) volume of infusion
required for maximal vessel circumference (measured in milliliters)
as shown in Fig. 2.

All four extremities of each cadaver were utilized unless a limb
was missing or met predetermined exclusion criteria. Within the
study protocol, cadavers were numbered, and IO cannulation alter-
nated laterality of proximal and peripheral sites (e.g., proximal left
side and peripheral right side to proximal right side and peripheral left
side) between odd and even cadavers.


https://www.random.org
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Fig. 1 - Ultrasound Sites. Note: Red marks indicate
ultrasound footprint achieved to visualize
corresponding vessels on a cadaver. Laterality is only
demonstrative of an example and not indicative of study
protocol. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web
version of this article.)

Measures

The primary outcome was maximum change in venous circumfer-
ence measured before and during 10 infusion. Anatomical sites of
cephalic, axillary, femoral, and saphenous veins represent indepen-
dent variables (Fig. 3). Secondary outcomes included bolus volume
required to achieve vessel optimization and time elapsed to achieve
vessel optimization (i.e., dependent variables) in each of all four
anatomical sites of investigation (i.e., independent variables).

Statistical analysis

SAS 9.4 (SAS Institute, Cary, NC) was utilized to perform all statis-
tical analyses. Descriptive statistics were used to characterize demo-
graphic variables. Homogeneity of data were evaluated with
Levene’s test for equality of variances. Wilcoxon signed-rank test
was used to evaluate vessel circumference. Any cases with missing
data were excluded from the analyses described in this study. To
adjust for potential clustering effect, generalized estimating equation
approach was used to evaluate time to maximum circumference and
volume to maximum circumference between anatomical sites. Alpha
was set by convention to 0.05.

Results

Twenty-three cadavers were enrolled in the study, with 85 total infu-
sions successfully performed. Male cadavers constituted 52%
(n = 12) of the specimens with mean age 81.3 years (SD 7.3 years).
The mean cadaveric height was 166.1 cm (SD 8.4 cm), and mean

Establish 10 access distal
to desired peripheral or
central venous catheter.

Initiate infusion of resuscitating
fluids/therapies through
established 1O.

Note increased size of venous
vasculature proximal to IO
access site.

Use resultant increased proximal
vessel size to facilitate ease and
expedition of placing peripheral or
central venous catheters.

Fig. 2 - GAHP Protocol Steps.

weight was 79.5 kg (SD 16.1 kg). One humeral site was excluded
for inability to identify the axillary vein under ultrasound. Three radial
sites were excluded due to extravasation upon insertion of the 10,
and one was excluded due to the presence of implanted hardware.
Two tibial sites were excluded due to saphenous vein harvests. Data
were not otherwise missing (see Table 1).

We found a notable increase in maximum venous circumference
during the 10 fluid bolus when compared to baseline measurements.
On average, the venous circumference measured during the fluid
bolus was 1.03 cm (95% CI 0.86, 1.20) greater than that measured
prior to the bolus administration across all sites, an increase of
102%. Across all sites investigated, there was a significant difference
in the venous circumference measured before and during fluid bolus
[S 1827.5, p <0.0001].

Seven measurements were excluded as above. The site of infu-
sion had no significant effect on time elapsed to reach maximum
venous circumference (p <0.053). The time of infusion ranged from
7.6 to 57.0 s (median 14.92, IQR 11.8-22.7). However, there was
a significant effect of the infusion site on the volume of bolus required
to reach maximum venous circumference (p <0.001). The volume of
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n C:0.99cm

Fig. 3 - Visual Representation of Vessel Optimization. Note: Radial 10 prior to fluid bolus (Image A). Radial 10 with
fluid bolus, with optimized vessels readily visible (Image B). Pre-bolus cephalic vein circumference of 0.46 cm
(Image C). Intra-bolus cephalic vein circumference of 0.99 cm (Image D).

Table 1 - Cadaver Demographics and Characteristics.

Total Participants 23
Age

Mean (SD) 81.26 7.26
Gender

Male 13 56.52

Female 10 43.48
Weight (kg)

Mean (SD) 79.51 16.08
Height (cm)

Mean (SD) 166.08 8.44
10 Access Site (proximal)

Humerus 22 95.65

Femur 22 95.65
10 Access Site (distal)

Radius 20 86.96

Tibia 21 91.30
10 Device

EZ-10® 8 13.04

Jamshidi™ 9 39.13

SAM® 10 11 47.83

Note: Demographics were by investigators at the time of study.
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Fig. 4 - Time and Volume Required to Achieve Vessel Optimization.

Table 2 - Vessel Optimization by Site.

10 Site Vein Pre-Infusion CircumferenceMean Optimized CircumferenceMean % Difference
(SD) (SD)

Radius Cephalic 0.33 (0.32) 0.71 (0.42) 215.15

Humerus Axillary 1.54 (1.22) 3.04 (0.67) 197.40

Tibia Great Saphenous 0.10 (0.19) 0.72 (0.18) 720.00

Femur Common Femoral 1.97 (1.26) 03.26 (0.85) 165.48

Note: Circumference measured in centimeters via real-time ultrasound.

infusion required ranged from 20 to 230 mL (median 70, IQR 50—
100) as shown in Fig. 4 and Table 2.

Discussion

This study suggests Graduated Vascular Access for Hypotensive
Patient (GAHP) protocol may improve vessel properties to benefit
subsequent vascular access. The inclusion of three different types
of intraosseous (I0) devices: the powered EZ-I0®, the manual
Jamshidi™ 10, and the mechanically assisted SAM®-IO, all 45-
mm, 15 ga catheters, in a randomized cadaveric setting, is notewor-
thy, suggesting that various 10 devices of the same length and
gauge used in the study may potentially be utilized for GAHP.

The measured average increase of 1.03 cm (SD 0.80, 102%) in
venous circumference during fluid bolus supports the potential utility
of 10 bolus infusion for optimization and subsequent venous cannu-
lation as previous studies have suggested larger vein size is associ-
ated with improved direct cannulation attempts.”'*'® The observed
engorgement of every individual vein targeted (e.g., axillary, cepha-
lic, femoral, saphenous) by the protocol highlights the effectiveness
of GAHP in facilitating rapid and considerable vessel optimization
regardless of site. This finding highlights the versatility of GAHP

across distal and proximal anatomical locations, and points to its
potential as a standardized approach to hypotensive patients in clin-
ical practice.

The range of optimization times provides valuable insight into the
efficiency of GAHP, as the majority of veins demonstrated optimiza-
tion within the 10-25 s range, indicating a consistently rapid
response to the GAHP approach. This time efficiency is crucial
and further illuminates that when employed in the practical sense,
GAHP may yield minimal delay in resuscitation while facilitating
safer, less stressful access to potentially larger, more stable periph-
eral or proximal deep veins. The GAHP stepped approach to expand
proximal venous vasculature aligns with the need for swift interven-
tion and subsequent longer-term venous access. This advancement
in 10 infusion utilization potentially enhances the accuracy of medical
interventions and may also contribute to the safety and efficiency of
emergent care, where rapid and reliable vascular access is
paramount.

Although there was no significant difference between infusion
sites for time elapsed, there was a significant difference amongst
bolus volumes, suggesting that vessel location may influence bolus
volume required for optimization. Particularly, the saphenous vein
was augmented with the least volume. Potentially, this may be due
to traditionally larger proximal deep veins requiring larger bolus
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amounts to reach maximal circumference, which is supported by the
data demonstrating that the saphenous vein appeared to require
smaller bolus volumes (see Table 2).

Limitations

Although GAHP demonstrated optimization of proximal vasculature
for subsequent venous cannulation, and prior studies have shown
that increased circumference of vasculature improves placement of
both ultrasound-guided peripheral intravenous catheters and central
venous catheters, this study was not designed to demonstrate the
clinical effects of venous optimization on access time, number of
attempts to cannulation, or ease of venous catheter place-
ment.1,14—18

A cadaver model does not dynamically replicate the physiologic
venous changes seen in a severely hypotensive, live patient. Future
studies will be needed to assess how venous drainage, collateral cir-
culation, autonomic nervous system input, and central venous pres-
sures are affected by this technique in live patients. Cadaveric
studies show that small vessels are generally thrombosed or
occluded and this can restrict outflow tracts that may otherwise con-
tribute to less vessel filling in living subjects.?>*' External compres-
sion by sonographers could also have influenced our data by
restricting venous return, thus improving the speed and degree of
optimization.

Likewise, proximal and distal insertion sites were alternated in lat-
erality to mitigate the risk of proximal vessel filling due to prior test-
ing, which would influence the initial assessment study outcomes.
Additionally, the LifeFlow® device is a syringe-hand-pump device,
which can be actuated slowly or quickly, complicating our attempts
to standardize pump rates. Furthermore, this study focused on NS
as the infused liquid, and results may not be generalizable to blood
products, colloids, or other crystalloid solutions.

Additionally, aside from explicit limitations of this study, the
GAHP protocol may have some inherent limitations in its design. In
vivo, failed attempts to place an IV catheter into an augmented vein
proximal to an 10 needle can lead to significant complications, such
as venous puncture injuries with concurrent extravasation. An occur-
rence like this would nullify the distal 10, which would be critical for
patients in extremis, especially when the 10 catheter represents their
only available vascular access route. Thus, despite potentially pre-
senting a larger target for graduated vascular access, the GAHP pro-
tocol may place users into an “all-or-nothing” scenario when it comes
time for direct venous cannulation.

Clinical implications and future directions

The success of GAHP in optimizing veins within seconds may have
implications for the practice of austere, emergency, and critical care.
GAHP has the potential to serve as the bridge to more definitive vas-
cular access methods for critically ill patients, especially those
receiving care for out-of-hospital cardiac arrest in which administer-
ing drugs IV rather than 10 may improve patient outcomes.?>° By
simultaneously initiating resuscitation and engorging adjacent vascu-
lature via a graduated approach to direct venous access, GAHP may
be an expeditious key to enhancement of patient care in complex
medical situations as well as a tool to mitigate failed vascular access
attempts and iatrogenic complications. Likewise, the relatively small
volumes required to optimize vessels suggests that high risk patient
populations, such as those with significant cardiac or renal disease
may benefit from this technique specifically because it minimizes vol-
ume overload during resuscitation and securement of definitive

access. Albeit highly end-user dependent, future studies in live
patient settings are essential to validate GAHP’s clinical efficacy,
thereby bridging the gap between emergency vascular access needs
and the achievement of successful venous cannulation.

Lastly, though we did not specifically evaluate US confirmation of
10 placement in this study, we found that bolusing fluid via 10 can be
immediately appreciated with real-time, direct US observation of
proximal venous flow. By showing that 10 fluid bolusing may be
immediately appreciated with real-time ultrasound observation, this
study supports the feasibility of US as an avenue to confirm 10
patency. This suggests the practicality of utilizing vascular US as a
means to confirm the suitability and patency of 10 infusions; how-
ever, further dedicated study is needed to confirm these findings.

Conclusion

The GAHP protocol significantly optimizes proximal veins in a cadav-
eric model; however, further research is needed to investigate
whether this approach may be used to facilitate vascular access
for hypotensive patients.
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