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ABSTRACT

Background: Subcutaneous hydration has potential advantages over intravenous. Despite studies
supporting the efficacy and safety of subcutaneous hydration it has not been studied extensively to
date either with or without hyaluronidase.

Objectives: To compare flow rate, tolerability, and safety of gravity-driven subcutaneous fluid ad-
ministration with and without recombinant human hyaluronidase (rHuPH20) in healthy volunteers.

Design: Randomized, double-blind, placebo-controlled, within-subject trial.
Setting: Contract research organization.
Participants: Fifty-four volunteers.
Intervention: 24–gauge angiocatheters were placed subcutaneously in both upper arms. Each arm

received rHuPH20 (150 U, 750 U, or 1500 U) or equal volume saline placebo. Immediately, 400 mL
Lactated Ringer’s (LR) solution was gravity-infused from a 100 cm height. In the pilot stage, 5 sub-
jects also received a similar intravenous infusion.

Measurements: Primary outcome was time to infuse 400 mL LR. Secondary outcomes included
discomfort assessments, edema, arm circumference, time to recover to baseline arm circumference,
subject and investigator global preference, and adverse events.

Results: rHuPH20 150 U, 750 U, and 1500 U yielded mean flow rates of 383 � 119 mL/hr, 518 �
154 mL/hr, and 494 � 136 mL/hr, respectively, compared to their respective placebo rates of 82 �
30 mL/hr, 148 � 57 mL/hr, and 124 � 50 mL/hr. rHuPH20 was well tolerated.

Conclusions: In volunteers, clinically relevant fluid volumes can be rapidly delivered subcuta-
neously with rHuPH20 in a well-tolerated manner without a pump. These findings suggest that this
method of hydration could potentially replace intravenous infusions in many clinical settings; fur-
ther studies with rHuPH20, in patients, are warranted.

INTRODUCTION

PARENTERAL HYDRATION is usually delivered intrave-
nously. Yearly, practitioners in U.S. hospitals place

more than 25 million intravenous (IV) catheters.1 Place-
ment requires skill, yet patients often endure failed at-

tempts due to difficult venous access (DVA) associated
with skin pigmentation, vein sclerosis, fragility, col-
lapse, or obesity or vasovagal reaction due to stress. IV
catheter complications include malfunction, thrombo-
sis, infection, and extravasation, which decrease sys-
temic access and increase the cost of care.2–4

1San Diego Hospice & Palliative Care, San Diego, California.
2Halozyme Therapeutics, Inc., San Diego, California.
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Subcutaneous (SC) hydration may avoid many IV
complications and costs.5 Results from two studies in-
dicated that the cost of cannulae is reduced by ap-
proximately two thirds with SC versus IV hydration.6,7

Because SC catheter placement requires less skill, pa-
tients and caregivers can develop expertise. SC cath-
eter sites minimize bleeding and thrombosis risk. If in-
fection occurs, it is typically localized.8 Studies
support their continuous use for 5–12 days.9,10 More-
over, neither heparin nor intermittent or continuous
saline is needed to maintain catheter patency. There
are many placement sites: upper chest, arms, upper
back, abdomen, and thighs. While SC hydration can
potentially decrease complications associated with IV
catheter placement, it does not eliminate the role for
IV catheters. In the past, SC hydration was linked to
hypovolemic shock, but this complication was likely
due to electrolyte-free solutions.11,12 A systematic re-
view found SC administration of electrolyte-contain-
ing fluids to be safe.12

The SC space consists of collagen surrounded by
“ground substance” including hyaluronan, a glycos-
aminoglycan. Hyaluronan’s gel-like consistency is a
major barrier to SC diffusion. Hyaluronidase hydro-
lyzes hyaluronan, temporarily reducing this barrier, 
for 24–48 hours.13 Early literature suggested
hyaluronidase could enhance gravity-driven SC hy-
dration by increasing flow rates.14 The Food and Drug
Administration (FDA) determined that hyaluronidase
is “effective for enhancing the dispersion and absorp-
tion of other injected drugs” and “for hypodermo-
clysis” (SC fluid administration).15 However, the role
of hyaluronidase in SC hydration remains unclear.

Lipschitz et al.16 demonstrated that a subcuta-
neously delivered isotonic crystalloid solution was
quickly and completely systemically absorbed. Con-
stans et al.17 infused a 500 mL solution (5% glucose,
2 g NaCl, and 0.375 g KCl) SC over 2 hours into pa-
tients’ bilateral thighs preceded by hyaluronidase 100
U or placebo. Patients qualitatively reported no dif-
ference in thigh pain, but the hyaluronidase thigh’s cir-
cumference was significantly smaller. Bruera et al.18

administered a 500 mL solution (two-thirds 5% glu-
cose and one-third normal saline) subcutaneously over
1 hour preceded by hyaluronidase 150 U or placebo.
At this rate, there were no significant pain or edema
differences. The authors concluded that hyaluronidase
was unnecessary for routine pump-driven bolus SC hy-
dration.

These studies used purified bovine hyaluronidase,
which shares only partial human homology and has
caused allergic reactions and rarely anaphylaxis.19 Al-
lergenicity concerns have limited its use. Human

hyaluronidase, PH20, resides on a sperm’s surface
where it facilitates fertilization by depolymerizing
oocyte hyaluronan. Recombinant human hyalur-
onidase, rHuPH20, is soluble and active under physi-
ologic conditions. Intradermally injected rHuPH20
(n � 100 human volunteers) showed no allergenicity
compared to placebo.20

Currently, SC hydration is limited by uncertainty
about fluid delivery volumes and rates, questions re-
garding the need for hyaluronidase, and concerns
about patient discomfort. This study assessed the flow
rate, tolerability, and safety of gravity-driven SC fluid
administration � rHuPH20.

METHODS

Subject enrollment

Independent Investigational Review Board, Inc. ap-
proved the protocol. Paid volunteers provided written
informed consent and enrolled during November
through December 2005 at a contract research organi-
zation (West Coast Clinical Trials, Long Beach, CA).

Inclusion criteria consisted of age 18 to 60 (inclu-
sive), normal vital signs, venous access in 1 forearm,
decision-making capacity, no fluid intake for 12 hours
prior to study infusions, normal metabolic panel (Na�,
K�, Cl, bicarbonate, blood urea nitrogen [BUN], cre-
atinine, glucose, Ca2�, aspartate transaminase [AST],
alanine transaminase [ALT], alkaline phosphatase, to-
tal bilirubin, albumin, and total protein), and, if female,
a negative pregnancy test. Exclusion criteria included
edema, upper extremity pathology that could interfere
with study outcomes, cardiovascular disease, rales, co-
agulopathy, and allergy to hyaluronidase, bee, or
vespid venom.

Protocol

The study had two stages. Stage 1 generated pilot
data (n � 5) by comparing SC infusion to IV. Pilot
study SC flow rate (mean � standard deviation [SD])
with and without hyaluronidase was used to confirm
the estimated stage 2 sample size. Stage 2 was pow-
ered to definitively assess SC flow rate �
hyaluronidase. Stage 2, cohort 1 used hyaluronidase
150 U. If toxicity was acceptable, accrual for cohort 2
(1500 U) would be initiated. Accrual for cohort 3 (750
U) was initiated if cohort 2 mean flow rate with
hyaluronidase was 20% or more than that of cohort 1
with acceptable toxicity.

Subjects received 24-gauge angiocatheters (BD In-
syte Autoguard, [BD, Franklin Lakes, NJ] 0.75 inch)
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subcutaneously in symmetrical positions on both prox-
imal upper extremities at a 30-degree angle in a cepha-
lad direction at the midline of the lateral aspect of the
arm. The catheter was advanced to its hub, the metal
stylus was removed, leaving the silastic tubing in
place, and secured.

A 500-mL Lactated Ringer’s (LR) bag (Na 130
mEq/L, Cl 109 mEq/L, K 4 mEq/L, Ca 3 mEq/L, Lac-
tate 28 mEq/L; Baxter International Inc., Deerfield, IL)
was hung from a digital scale attached to an infusion
pole. The infusate’s meniscus was placed 100 cm
above its respective catheter. Infusate-primed tubing
(V14234 IV Administration Set, 15 drops per milli-
liter, B-Series Set, B. Braun Medical Inc., Bethlehem,
PA) connected the bag to the catheter. In vitro from a
100-cm height, the gravity-driven flow rate through
the resistance of the tubing and 24-gauge catheter was
approximately 1 L/hr (Halozyme Therapeutics, San
Diego, CA; data on file).

Prior to the study, staff not involved in study con-
duct, randomly allocated each subject’s arms to the in-
terventions by a manual method. A pharmacist pre-
pared two identical syringes of equal volume rHuPH20
(hylenex 150 U/mL; Baxter International Inc., Deer-
field, IL) or normal saline placebo. Infusate bags with

tubing were weighed at baseline. Immediately before
each infusion, the randomized, double-blind dose of
equal volume rHuPH20 (150 U, 750 U, or 1500 U) or
its matched placebo (1 mL, 5 mL, or 10 mL), respec-
tively, were delivered simultaneously by steady push
over 1 minute via a Y-port proximal to each arm’s
catheter site. Immediately, gravity-driven LR 400-mL
infusions were begun. The primary outcome variable,
LR flow rate, was monitored by noting the weight of
the infusate bag at protocol-specified time points (flow
rate [mL/hr]) � ((base weight � final weight in gm) *
(1 mL/1 gm)) / (finish time � start time [hours]). In
stage 1, intravenous flow rate was monitored identi-
cally.

Secondary outcomes and upper arm photographs
were obtained at protocol-specified time points. The
investigator rated edema, rash, and catheter site leak-
age on a 0–4 point scale, and obtained arm circum-
ference at the catheter site, halfway between the cath-
eter and the olecranon process, and halfway between
the catheter and the inferoposterior aspect of the
acromion at baseline, mid-infusion each arm (once 200
mL had infused), at end of infusion each arm, and then
every 30 minutes until the circumference in each arm
returned to within 5% of the baseline circumference.

THOMAS ET AL.1314

FIG. 1. Flow of subjects in the study.
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The time when the circumference returned to within
5% of baseline was recorded. Subjects rated discom-
fort on a 100-mm visual analog scale (VAS) (0 � no
discomfort; 100 � worst discomfort). Subjects and the
investigator separately ranked their global preferences
for the infusions. All adverse events (AEs) were cap-
tured from the time of initial exposure through 28 days.
Subjects underwent post-infusion evaluations at 1 and
28 days.

Statistical analyses

Assuming flow rate doubling and a SD of 42 min-
utes or less, a cohort sample size of 15 would permit
detection of a significant difference using an unpaired
t-test with an � of 0.05 and a � of 0.20. Statistical
analyses were performed using SAS (SAS Institute,
Cary, NC) to evaluate McNemar’s test for binomial
variables, the sign rank test for global preferences, and
paired t-tests for all other variables. Flow rate was de-
termined on an as-treated basis; safety analysis was
performed on an intent-to-treat basis. Continuous data
were presented as mean � SD. While the normality
assumption was not rejected for any cohort, additional
nonparametric paired analyses were also performed.
Both the signed rank test and sign test confirmed re-
sults of the paired t-test.

Role of funder

The sponsor was involved in study design and data
collection and management, statistical analysis, data

interpretation, and manuscript preparation. Drs.
Thomas and von Gunten retained final content con-
trol.

RESULTS

Subjects

Subject flow through the trial is presented in Fig-
ure 1. Five and 49 volunteers were enrolled in stage 1
and stage 2, respectively. Overall, 52% were female.
Mean age was 28.9 � 7.8 years. Mean body mass in-
dex was 28.1 � 6.1 kg/m2. Subjects were evenly dis-
tributed among the stages and cohorts of the study.

Stage 1: Pilot. In the 5 stage 1 subjects, mean flow
rates with and without rHuPH20 were 313 � 151
mL/hr and 108 � 59 mL/hr, respectively (p � 0.049).
The pilot means and SDs confirmed the stage 2 sam-
ple size estimate. The mean IV flow rate in these 5
subjects was 809 � 295 mL/hr. Two IVs infiltrated
and required restarting during the infusion. Four of the
5 stage 1 subjects stated a global preference for SC in-
fusion over IV infusion. Subcutaneous infusion with
rHuPH20 was their first choice or tied for first in 4
subjects.

Stage 2: Flow Rate. In every subject tested, rHuPH20
injection preceding gravity-driven LR infusion-en-
abled flow rate approximately 250% to 400% com-

THE INFUSE-LR STUDY 1315

FIG. 2. Mean flow rates for subcutaneously administered infusion of Lactated Ringer’s.
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pared to an infusion without rHuPH20. Mean flow
rates for rHuPH20 versus placebo (unpaired analyses)
are shown in Figure 2. The mean paired differences in
flow rate between placebo and rHuPH20 (rHuPH20 –
placebo) were 301 mL/hr � 117 (150 U), 369
mL/hr � 157 (750 U), and 371 mL/hr � 148 (1500 U).
As noted in Figure 1, 2 subjects dropped out. Exclu-
sion of these 2 subjects from the efficacy analysis did
not influence the results.

Tolerability. The investigator graded edema on a
0–4 scale, meaning no, minimal, mild, moderate, or
severe edema, respectively. Figure 3 shows a repre-
sentative subject’s edema. At all rHuPH20 doses and
all time points during infusions, hyaluronidase arms
yielded significantly less edema. Figure 4 shows the
proportion of subjects with moderate and severe edema
according to placebo or rHuPH20 and by dosing co-
hort. Despite the difference in investigator rated

edema, arm circumference measurements around the
site of infusion did not appear to show clinically mean-
ingful increases in either treatment group, and on av-
erage represented less than a 10% increase from base-
line. Arm circumference measurements were also used
as an indication of systemic fluid absorption. Each
rHuPH20 dose led to a statistically significant decrease
in time to baseline circumference (Fig. 5).

Volunteers subjectively rated their discomfort on a
100-mm VAS. Overall, subjects rated only minimal
pain in both arms. Without rHuPH20, the pain score
was 9.6 � 15.3 mm; with rHuPH20, the score was sig-
nificantly reduced to 5.8 � 10.7 mm (p � 0.002). Fi-
nally, the subjects and investigator rated their global
preference for the SC infusion with or without
rHuPH20. For the 150 U, 750 U, and 1,500 U dose
cohorts, respectively, the subjects’ preference for the
infusion with rHuPH20 was 88% (p � 0.002), 100%
(p � 0.001), and 87% (p � 0.007), and the investiga-

THOMAS ET AL.1316

FIG. 3. Edema in a representative subject’s arm during infusion.
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tor’s preference was 94% (p � 0.001), 100% (p �
0.001), and 80% (p � 0.035).

Safety

Overall, treatment-emergent AEs occurring through
28 days after treatment were mild to moderate in sever-
ity, localized to the infusion sites, and evenly distrib-
uted between placebo and rHuPH20 (Table 1). There
were no severe or serious AEs. One subject developed

a papular rash around the rHuPH20 infusion site and
on the torso. It was asymptomatic and resolved spon-
taneously in approximately 10 minutes.

CONCLUSION/DISCUSSION

This randomized, double-blind study showed that
rHuPH20 significantly enhanced gravity-driven sub-
cutaneous infusion flow rates versus placebo. A clin-

THE INFUSE-LR STUDY 1317

FIG. 4. Incidence of moderate and severe edema.

FIG. 5. Time to recovery to baseline arm circumference.
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ically relevant volume of an isotonic solution was de-
livered in a reasonable time frame in a well-tolerated
manner. This clinical trial was the first to assess the
role of rHuPH20 in SC fluid administration. As op-
posed to studies done with animal hyaluronidase, the
fluid was not pump-driven in a set time. The flow rate
was dependent on the fluid height above the catheter,
tubing resistance, catheter gauge, and tissue resistance.
A 24-gauge catheter was chosen for its minimal dis-
comfort and its ability to support flow rates up to 1
L/hr under ex vivo experimental conditions. The ob-
served flow rates � hyaluronidase did not reach this
limit in subjects, implying tissue resistance is rate-lim-
iting for flow. Larger gauge catheters have not been
studied under these same parameters, and therefore
there are no data to address whether or not larger gauge
catheters might allow significantly increased flow,
with or without hyaluronidase. The upper extremity
was used because of patient preference and accessi-
bility, which facilitated examination and measurement,
and given its limited expandibility, was a good test of
edema and discomfort with bolus fluid delivery.
Whether other body sites would yield similar results
deserves further study. LR solution was chosen as an
isotonic solution that could help replenish Na� and
K�, as well as volume, in dehydrated patients.

Gravity-driven mean flow rates with rHuPH20
ranged from 383 to 518 mL/hr over the three dose co-
horts compared to 82 to 148 mL/hr for placebo.
rHuPH20 dosing over an order of magnitude (150 U,
750 U, and 1500 U) showed no linear dose response.
Placebo flow rate increased as the sequential dosing
cohorts were performed temporally. The reason for
this increase is unknown, but hypothesized to be at-
tributable to 2 factors. First, improving flow rates for
both rHuPH20 and placebo may be related to im-
proving skill in placing and maintaining the SC cath-

eters as the study progressed. Second, the volume in-
jected prior to the infusions (1 mL, 5 mL, or 10 mL)
differed among the dosing cohorts. Injecting different
volumes over 1 minute created different sized subcu-
taneous “pockets,” which may have affected flow
rates. Nevertheless, within each subject, the 250 to
400% increase in flow rate between an individual’s
arms was seen in all cohorts. It is likely that the vol-
ume and rate of hyaluronidase-enabled gravity-driven
SC infusion can be increased by raising the height of
the infusate, increasing the catheter size, or using a dif-
ferent infusion site.

In this study, isotonic solution was gravity-deliv-
ered subcutaneously with rHuPH20 at a mean rate ap-
proaching 500 mL/hr. This volume and rate are simi-
lar to what was pump-delivered in Bruera’s study with
or without hyaluronidase of a one third normal saline
solution given subcutaneously in the chest or ab-
domen. In contrast to Bruera’s study, the infusions
generated a significant edema difference. Without
rHuPH20, tissue contours were grossly distorted and
indurated; with rHuPH20, tissue contours were pre-
served and induration was minimal. Perhaps the stud-
ies’ different solution tonicities explain the contrast in
study findings. Interestingly, despite the gross edema
differences, clinically meaningful increases from base-
line in arm circumference were not observed. Pre-
sumably, rHuPH20-mediated hydrolysis of hyaluro-
nan led to even fluid distribution, with increase in
circumference to a small extent, but minimizing local
edema. Consistent with previous literature, this vol-
ume of SC infusion produced minimal discomfort �
rHuPH20. Although hyaluronidase significantly de-
creased discomfort according to the VAS, the absolute
difference between rHuPH20 and placebo for this mea-
surement was probably not clinically relevant.21 Both
subjects and the investigator preferred the rHuPH20

THOMAS ET AL.1318

TABLE 1. INCIDENCE OF ADVERSE EVENTS: ALL ADVERSE EVENTS REGARDLESS OF RELATEDNESS TO STUDY DRUG

EXPERIENCED BY �2 SUBJECTS EACH IN EITHER TREATMENT GROUP IN STAGE 2

Cohort 1 (n � 18) Cohort 3 (n � 16) Cohort 2 (n � 15)

MedDRA SOC/ rHuPH20 rHuPH20 rHuPH20
Preferred Term 150 U Placebo 750 U Placebo 1500 U Placebo rHuPH20 Placebo

General disorders and administrative 38.9% 50.0% 81.3% 87.5% 73.3% 73.3% 63.3% 69.4%
site conditions

Infusion/injection/catheter site pain 27.8% 38.9% 75.0% 75.0% 46.7% 60.0% 49.0% 57.1%
Infusion/injection site burning 11.1% 5.6% 6.3% 12.6% 13.3% 6.7% 10.2% 8.2%
Injection site paraesthesia 0.0% 0.0% 18.8% 12.5% 0.0% 6.7% 6.1% 6.1%
Injection site anaesthesia 11.1% 5.6% 0.0% 6.3% 0.0% 0.0% 4.1% 4.1%
Infusion/catheter site erythema 5.6% 0.0% 0.0% 0.0% 6.7% 13.3% 4.1% 4.1%
Infusion site induration 0.0% 11.1% 0.0% 0.0% 0.0% 0.0% 0.0% 4.1%

All adverse events were captured from the time of initial exposure to study drug through the 28-day follow-up assessment.

All cohorts 
(n � 49)
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enabled infusion. The study was not designed to probe
the reason for this preference.

The fact that the mean flow rates and local edema
were observably different between the arm that re-
ceived rHuPH20 and the arm that received placebo
raises the possibility that the study became function-
ally unblinded. However, flow rate is an objective
measure not easily subject to bias. This study might
also be criticized for its “as-treated” analysis as op-
posed to an “intent-to-treat” analysis. However, it is
justifiable to include subjects who actually are treated
and complete measurements.22–24 Only 2 subjects
were excluded from the primary analysis. In both cases
it was because the subject had premature discontinu-
ation of both LR infusions and therefore could not be
evaluated because it was not reasonably possible to ex-
trapolate the flow rate for a 400 mL infusion. In this
within-subject controlled study where each subject
served as their own control, the premature discontin-
uation rate remained balanced between the 2 inter-
ventions. This study was carried out in healthy volun-
teers, which may hinder generalization of findings to
frail elderly patients.

The rHuPH20-enabled infusions were well toler-
ated, although the study was not powered to detect in-
frequent events. However, rHuPH20 is FDA-approved
and animal hyaluronidases have been overall safe in
millions of administrations. There have been allergic
reactions and rarely anaphylaxis with animal
hyaluronidases. The human enzyme, rHuPH20, is up
to 100-fold purer than animal hyaluronidases based on
activity and is expected to have a lower rate of aller-
gic reaction in single and repeat dosing; however, more
study is needed. Adverse events, which were either
mild or moderate in severity, were approximately
equally distributed between the rHuPH20 and placebo
arms and there was no rHuPH20 dose relationship for
AEs. There were no severe or serious AEs and no al-
lergic reactions that required intervention.

In summary, an rHuPH20-enabled, gravity-driven
SC infusion delivered a clinically relevant volume of
an isotonic solution in a clinically relevant time frame
in a well-tolerated manner. Clinically, larger fluid vol-
umes (1 to 2 liters) need to be delivered in a timely
manner. Thus, there is a need to further define the
largest rHuPH20-enabled fluid bolus that can be grav-
ity-delivered subcutaneously in a relevant time frame
and what body areas can tolerably accommodate that
volume. The extent to which hyaluronidase can en-
hance continuous gravity-driven SC infusions, such as
maintenance hydration at rates of approximately 125
mL/hr or more, must also be assessed. Animal studies
have shown that dermal hyaluronan is reconstituted

within 24 hours of hyaluronidase administration.25 If
infusions continue 24 hours or more, subsequent
hyaluronidase dosing and timing to maintain effect
need to be defined. Because hyaluronidase increases
subcutaneous absorptive surface area, it will be inter-
esting to assess the rate and extent that coadministered
medications are absorbed. If SC absorption can ap-
proach that of IV, the delivery of medications, in-
cluding opioids and antibiotics, could be enhanced. Fi-
nally, there is a need for a cost effectiveness analysis
of SC versus IV hydration. Nevertheless, this study
supports the possibility of using gravity-driven
rHuPH20-enabled SC infusions as replacements for
pump-driven IV fluid therapy.
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