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Natriuresis and “Dilutional”
Hyponatremia After Infusion
of Glycine 1.5%

Robert G. Hahn, MD, PhD*
Department of Anesthesia, Söder Hospital, Stockholm, Sweden

Study Objective: To challenge the view that the hyponatremia resulting from absorption
of glycine 1.5% is attributed to the expansion of the extracellular fluid (ECF) volume, and
that the change in serum sodium is therefore widely used to calculate the amount of irrigant
absorbed.
Design: Retrospective analysis of six studies.
Setting: University-affiliated hospital.
Measurements: Approximately 1.2 L of glycine 1.5% was infused in 23 volunteers (two
studies), 1 L in 10 prostatectomy patients, 2.4 L in 6 sheep, 4 L in 6 other sheep, and 3
L in 9 piglets. The distribution of the irrigant water was estimated from the difference
between the measured and the expected serum sodium levels, taking into account the
urinary losses of sodium and water.
Main Results: Between 30% and 50% of the irrigant volume had diffused into the cells
30 minutes after the infusion, and only between 0% and 50% of the fluid remained in
the ECF. One hour later, natriuresis accounted for 100% of the residual hyponatremia in
the small-volume experiments, and it accounted for approximately 50% in the large-
volume experiments. The change in serum sodium could not be used to quantify the small
infusion volumes, but the large ones could be quantified fairly accurately if assessed at the
very end of the infusion.
Conclusions: Diffusion of water into the cells and natriuresis reduced and prolonged the
hyponatremia associated with infusions of glycine 1.5%. This finding makes IV fluid with
sodium added a more rational alternative than furosemide in the treatment of fluid
overload with this irrigating solution. © 2001 by Elsevier Science Inc.

Keywords: Furosemide; glycine; hypertonic saline; irrigation, adverse effects;
transurethral resection of the prostate.

Introduction

Glycine 1.5% is the most widely used irrigating fluid during urological and
gynecological surgery, such as transurethral resection of the prostate (TURP)
and endometrial ablation. One danger inherent in these procedures is that the
surgeon may sever large veins or perforate the organ with the operating
instrument. This situation sometimes results in volume overload and toxic
symptoms, because glycine 1.5% is readily absorbed directly into the blood or,
more rarely, via a deposition in the IP or retroperitoneal space.1–3 Because
glycine 1.5% contains no electrolytes, the extent of absorption is often judged
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from the dilution of the serum sodium concentration. The
following equation has been proposed in many studies,4–7

reviews, and textbooks:*,8,9:

Volume absorbed 5 SS 2 Na0

S 2 Nan
3 ECF0D 2 ECF0 (1)

where S-Na is the serum sodium concentration at baseline
(time 0) and at any time n, respectively, and ECFo is the
extracellular fluid volume at time 0. The hyponatremia is
assumed to be caused by dilution of the ECF alone6 and,
therefore, fluid restriction and furosemide, becomes the
treatment of choice to restore the fluid balance.*,8–10 As
early as 1956, however, Maluf, Boren, and Brandes5 found
that the serum sodium measured immediately after TURP
was higher than would be expected from Equation 1 and
from gravimetric weighing of the patients. They sug-
gested that a fraction of the absorbed fluid accumulates
intracellularly, which should occur due to osmosis since
glycine is taken up by the cells.11 Furthermore, sodium
losses occur with osmotic diuresis induced by glycine
1.5%.12 Thus, the picture is more complicated than
suggested by Equation 1.

The purpose of the present report was to evaluate the
accuracy of Equation 1 and to reconsider the rationale for
using furosemide to treat glycine overload by performing
a retrospective analysis of data obtained during six infu-
sion studies. These studies involved healthy volunteers13,14

and TURP patients15 for moderate amounts of glycine
1.5% ('1 L), and sheep and pigs for larger amounts of
fluid (2.5–4 L).16,17

Materials and Methods

Studies in Humans

Volunteers (Study 1): Ten healthy male volunteers aged
between 21 and 44 years (mean 34 yrs) and with a body
weight of 67 to 95 kg (mean 81 kg) were recruited for the
investigation.13 Each volunteer was given an intravenous
(IV) infusion of 15 mL/kg of glycine 1.5% over 20
minutes; the solution also contained ethanol 1% to indi-
cate absorption (Baxter, Thetford, UK). The subjects
voided just before the experiments were to start and then
at 50 and 120 minutes. Serum sodium was measured in
venous blood on six occasions.

Volunteers (Study 2): Thirteen healthy male volunteers
aged between 22 and 35 years (mean 28 yrs) and with a
body weight of 73 to 98 kg (mean 83 kg) were studied.14

Each volunteer received an IV infusion of 15 mL/kg of
glycine 1.5% plus ethanol 1% over 30 minutes. Venous
blood samples were drawn and urine was collected 30
minutes and 150 minutes after terminating the infusion.

Prostatectomy patients (Study 3): Ten patients with a mean
age of 74 years (range 57–79 yrs), weighing between 69
and 87 kg (mean 74 kg), and who were scheduled for

TURP, participated in this infusion study, in which 1 L of
glycine 1.5% was given by IV infusion at a constant rate
over 20 min.15 No patient had metabolic or renal disease,
but 5 were taking medication for mild cardiac or circula-
tory disorders. Venous blood was drawn and urine was
collected via an indwelling bladder catheter on six occa-
sions.

Animal Studies

Sheep (Study 4): Six adult cross-bred Texel ewes with a
mean body weight of 69 kg (range 60–79 kg) were studied.
In the awake state, the animals were given 40 mL/kg of
glycine 1.5% ('2.4 L) by IV infusion over 30 min. Some
animals were given hypertonic saline starting 60 min after
termination of the infusion, but these data were excluded
from this presentation. Venous blood was drawn from a
jugular vein and urine was collected via a catheter in the
bladder.16

Sheep (Study 5): Six other awake adult Texel ewes with a
mean body weight of 67 kg (range 58–78 kg) were given
57 mL/kg of 1.5% glycine ('4 L) over 40 minutes. Blood
samples were drawn from the jugular vein, and urine was
collected via a bladder catheter.

Pigs (Study 6): With ketamine anesthesia and tracheal
intubation, 9 pigs weighing between 18 and 25 kg (mean
21 kg) were given 150 mL/kg of glycine 1.5% ('3 L) by IV
infusion over 90 minutes. Blood was withdrawn from the
femoral artery, and urine was collected via a catheter in
the bladder.

All experiments were performed in the morning. The
appropriate Ethics Committee had approved the protocol
for all six studies, from which hemodynamic and other
data have been published elsewhere (Table 1).13–17

Calculations

The following equation is based on the assumption that
the hyponatremia at any time during or after IV infu-
sion of glycine 1.5% equals the amount of sodium in the
ECF volume divided by the current size of the ECF
volume:

*Azar I: Transurethral prostatectomy syndrome. In: Barash PG (ed):
1989 Annual Refresher Course Lectures. Park Ridge, IL: American Society
of Anesthesiologists, 1989:1–15.

Table 1. Basic Data on the Subjects, Infusion Rates, and Infu-
sion Times Used in the Six Studies in Which Glycine 1.5% Was
Given by Intravenous Infusion to Humans and Animals

Study
No Subjects n

Infusion
Rate

(mL/kg/min)

Infusion
Time
(min)

Original
Study

(ref. no,)

1 Volunteers 10 0.75 20 13
2 Volunteers 13 0.50 30 14
3 TURP patients 10 0.67 20 15
4 Sheep 6 1.33 30 16
5 Sheep 6 1.43 40 17
6 Pigs 9 1.67 90 —

TURP 5 transurethral resection of the prostate.
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S 2 Nan

5
(S 2 Na0 3 ECF0 2 Naloss)

(ECF0 1 infused fluid 2 urine volume 2 DICF)
(2)

where Naloss is the natriuresis (in mmol) and DICF is the
diffusion of water into the intracellular fluid compart-
ment. Any amount of sodium added to the system can be
considered by being added to the numerator of Equation
2, although all fluids infused in the reported studies were
sodium-free. Because ECFo corresponds to 20% of the
body weight, DICF could be calculated for each point in
time by using a rearrangement of Equation 2:

DICF 5 ECF0 1 infused fluid 2 urine volume

2
(S 2 Na0 3 ECF0 2 Naloss)

S 2 Nan
(3)

The denominator of Equation 2 was taken as the ECF
volume during the studies. Calculations were also made of
the theoretical hyponatremia that would be recorded if no
natriuresis had occurred and if no fluid had entered the
cells. These predictions were made by calculating S-Nan

according to eqn (2) after excluding selected compo-
nents, i.e., Naloss and DICV, respectively.

Results

Studies in Humans

When approximately 1 L of glycine 1.5% was infused in
volunteers (Figure 1a), practically all of the fluid had been
excreted 2 h later (Figure 1b). Cell edema developed and
reached a peak at 60 minutes (Figure 1c). At the end of the
infusions, the hyponatremia would be '75% greater if no
diffusion into the cells had occurred. This figure was even
higher at 60 minutes (Figure 1d).

The urinary excretion of sodium increased progres-
sively, and averaged 30 mmol at 2 hours after the infusion
(Figure 1e). The fraction of the measured hyponatremia
that could be explained by this natriuresis amounted to
20% at the end of the infusions, but this figure increased
to between 30% and 60% when assessed 30 minutes later
(Figure 1f). The measured hyponatremia was most pro-
nounced at the end of the infusions, while most of it was
restored 30 minutes later (Figure 1g).

The equation for estimating the volume of irrigant ab-
sorbed by measuring changes in serum sodium (Eqn. (1))
showed grossly erroneous results: it indicated 60% of the
administered amount of fluid at the end of the infusions and
only 30% when reassessed 30 minutes later (Figure 1h).

Studies in Animals

When between 2 and 4 L of glycine 1.5% was administered
to sheep and pigs (Figure 2a), approximately half of the
infused fluid volume was excreted during the follow-up
period (Figure 2b). The cell edema increased progressively
and averaged one third of the infused volume at 2 hours
(Figure 2c), which reduced the hyponatremia (Figure 2d).

The urinary losses of sodium averaged 75 mmol (Figure 2e).
The fraction of the measured hyponatremia that could be
explained by natriuresis was 15% at 60 minutes, but
ranged between 30% and 60% at 2 hours (Figure 2f). As
expected, the measured hyponatremia was much greater
than in the volunteer experiments, and the concentrations
were restored more slowly (Figure 2g).

The equation for estimating the volume of irrigant
absorbed by measuring changes in serum sodium (Eqn.
(1)) indicated between 60% and 120% of the infused
glycine volume at 30 minutes after the infusions, but only
40% at 2 hours (Figure 2h).

Expansion of the ECF Volume

The calculated expansion of the ECF space was quite small
in the 2 volunteer studies (Figure 3a,b) while it was slightly
more pronounced, albeit transiently, in the prostatectomy
patients (Figure 3c).

The expansion of the ECF space was also more pro-
nounced at the end of the 30-minute and 40-minute
infusions in sheep, although most of the fluid was still to
be found in the cells or in the urine (Figure 3d,e). The
extracellular edema was less severe in the pigs when the
large volume of glycine was infused over a longer period of
time (Figure 3f).

Theoretical Hyponatremia

Figure 4 shows the fraction of the measured hyponatremia
that could be accounted for by natriuresis, and also the
time course of the hyponatremia that would be recorded if
no diffusion of water into the cells had occurred.

The situation when no urine at all was passed was also
simulated by using Equation 2, after setting both the
natriuresis and the urine volume to zero. The average
hyponatremia-time curve would then run in the middle
between the measured hyponatremia and the theoretical
one obtained when no diffusion to the cells occurred.

Discussion

The present calculations were done to outline certain
features of the hyponatremia that occurs in response to
glycine 1.5%. They emphasize that the “dilutional hypo-
natremia” is the result of four factors, namely a) expansion
of the ECF volume, b) diffusion of irrigant water into the
cells, c) urinary excretion of irrigant water, and d) urinary
excretion of sodium. Factors a) and d) aggravate the
hyponatremia, while b) and c) reduce it. Figures 1 and 2
illustrate the importance of these factors, and Figure 4 how
two of them contribute to the measured serum sodium
level, which is the most widely used marker for fluid
absorption, and a key sign of the “transurethral resection
syndrome” in the clinic. These calculations show that the
hyponatremia after administration of glycine 1.5% has a
time course, meaning that the serum sodium level is
greatly dependent on when blood is sampled. Further-
more, the serum sodium level indicates the expansion of
the ECF space only when sampling is done at the end of a
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TURP with large-scale absorption. In contrast, the hypo-
natremia is a poor guide to the expansion of the ECF
space when sampling is done at a later stage, and at all
times after moderate-sized absorption.

Administration of 1 L of glycine 1.5% to humans clearly
stimulates urinary excretion. Before all the infused fluid is
eliminated, however, the cells serve as an “intermediate”
host for between 50% and 75% of the irrigant water, which

markedly reduces the degree of hyponatremia. A progres-
sive sodium loss explains the residual hyponatremia one to
two hours later, which, contrary to what one would as-
sume, does not indicate that any of the infused fluid
remains in the body. Hence, cell edema and natriuresis
distort the serum sodium curve by reducing the magni-
tude, and also by prolonging the duration of, the hypona-
tremia. The distorting effects on the serum sodium curve

Figure 1. Experiments in humans. a. The amount of infused glycine 1.5%, b. the volume of urine excreted, c. the volume increase
in the cells, d. the hyponatremia that would occur if no diffusion of fluid to the cells had occurred, e. the loss of sodium by urinary
excretion, f. the fraction of the measured hyponatremia that could be accounted for by sodium loss, g. the measured
hyponatremia, and h. comparison between the amount of fluid infused and that indicated by Equation 1. Data are means 6 SEM.
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were less powerful when the larger amounts of glycine
1.5% were administered, although natriuresis still ac-
counted for half of the late hyponatremia.

The minor and transient hydration of the ECF volume
when 1 L of fluid was infused in humans explains why the
serum sodium formula (Eqn. (1)) was such a poor guide
to the amount of infused fluid. When larger amounts of
glycine 1.5% were infused, a larger fraction of the infused

fluid hydrated the ECF volume, which made Equation 1
somewhat more accurate during or immediately after
administration of the fluid. Gross underestimations of the
infused volume were still obtained if Equation 1 was
applied 30 minutes later. The error is likely to be even
greater during TURP because sodium ions diffuse from the
interstitial fluid into the plasma during fluid absorption, and
are “trapped” with the blood lost during the operation. The

Figure 2. Experiments in animals. a. Infused volume of glycine 1.5%, b. urine volume, c. the volume increase in the cells, d. the
hyponatremia that would occur if no diffusion of fluid to the cells had occurred, e. the loss of sodium by urinary excretion, f. the
fraction of the measured hyponatremia that could be accounted for by sodium loss, g. the measured hyponatremia, and h.
comparison between the amount of fluid infused and that indicated by Equation 1. Data are means 6 SEM.
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additional sodium lost in this way amounts to 10 mmol18 for
the average blood loss (1 L) measured in patients who
experience large-scale absorption of glycine 1.5%.19

The present data on the hydration of the ECF and the
significance of natriuresis call into question the widely
recommended use of fluid restriction and furosemide for
the treatment of patients who have absorbed glycine 1.5%
during surgery.*,8–10 Intravenous infusion of a sodium-
rich fluid would sooner be advisable since sodium losses
are present and a prompt decrease in arterial pressure is a
common postoperative symptom of glycine absorption in
the clinic.19 Furosemide eliminates more fluid from the

ECF space by increasing the sodium excretion and is
known to both aggravate the hyponatremia and to in-
crease the risk of arterial hypotension after TURP.20

The principle of the restrictive fluid therapy stems from
treatment regimens proposed in the 1950s,21 and is also
governed by a fear that pulmonary edema will devel-
op.22,23 This rare complication requires that the fluid
absorption is quite massive, and it typically occurs on the
operating table. The rapid distribution of the absorbed
fluid, and also the lowering of the legs from the stirrups,
prevent overloading of the central circulation and pulmo-
nary edema from developing at a later stage, when hypo-
volemia is a greater problem.24 Treatment with furo-
semide was introduced before the era of intermittent
postoperative irrigation of the bladder as a means of

*Azar I: Transurethral prostatectomy syndrome. In: Barash PG (ed):
1989 Annual Refresher Course Lectures. Park Ridge, IL: American Society
of Anesthesiologists, 1989:1–15.

Figure 3. The expansion of the extracellular space (black area) in relationship to the infused amount of glycine 1.5% (entire curve).
Mean values from all six reported studies, which include experiments in humans (upper row) and in animals (lower row).

Figure 4. Measured hyponatremia, the fraction of the measured hyponatremia that could be explained by natriuresis, and the
theoretical hyponatremia that would be recorded if no diffusion of water to the cells had occurred. Data are mean values from
three studies where glycine 1.5% was given by IV infusion to volunteers and animals.
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preventing blood clots from obstructing the urinary cath-
eter. In 1970, Madsen et al.25 compared the urinary
excretion levels after diuresis induced with furosemide and
mannitol, and they recommended furosemide, especially if
large amounts of irrigating fluid had been absorbed.

The calculations presented here suggest that moderate-
sized fluid absorption should be treated with IV adminis-
tration of 40 mmol of sodium for every liter of glycine
1.5% that is absorbed. The sodium can be added to the
ongoing infusion of Ringer’s lactate or normal saline that
is usually given during and after TURP. Fluid therapy must
not be restricted, and furosemide is hardly needed; the
only apparent indication is overt pulmonary edema. If
furosemide is considered in other cases, administration
should be postponed until after the first postoperative
hour, during which there is a risk of arterial hypotension
developing.19 In these cases, the change in the serum
sodium formula (Eqn. (1)) is of no use in quantifying the
amount of fluid absorbed.

Large-scale absorption of glycine 1.5% (.3 L) should
be treated with hypertonic saline and adrenergic drugs, as
suggested by Harrison et al.4 as early as 1956. Hypertonic
saline has been used successfully in clinical studies7,26–28

and animal experiments,29,30 although the outcome may
still be fatal if the serum sodium decreases below 100
mmol/L.31 The consequences of hypertonic saline for the
distribution of irrigant water after fluid absorption has
been poorly studied, but half of the animals in study 4
were later given 200 mL of 4% NaCl over 30 minutes.
Compared with controls, hypertonic saline increased the
serum osmolality, which is reduced by glycine 1.5%,
almost doubled the urinary excretion, increased serum
sodium and the plasma volume, and did not increase, but
rather slowed, the rate of reduction of the ECF volume
that occurs after an absorption event.17 Hence, hypertonic
saline per se operates as a diuretic and reverses, in contrast
to furosemide, the underlying aberrations of electrolyte
status and fluid distribution.

Although the proposed treatment schedule stems from
IV infusion experiments, many clinical studies support the
view that the arterial pressure is unstable after fluid
absorption,4,6,7,19,20,24,26,27 which alone warrants caution
with furosemide. The blood sampling schedule was quite
ambitious in the reported animals studies, resulting in
withdrawal of blood in a quantity similar to the blood loss
during a TURP in which large-scale fluid absorption
occurs.19 The calculations were not corrected for blood loss,
although this action would result in an even more modest
expansion of the ECF space than the one reported here.

In conclusion, this retrospective review of six infusion
studies shows that serum sodium might be a misleading
guide to the overhydration of the ECF space after admin-
istration of glycine 1.5%. The overhydration is less than
suggested if the hyponatremia is believed to be the sole
indicator of dilution of the ECF. Natriuresis occurs and
accounts for a residual hyponatremia, even when the irrigant
water has been excreted. Additional sodium is, therefore, a
more rational treatment than furosemide in both moderate-
sized and large-scale absorptions of glycine 1.5%.
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Diuretics After Transurethral Prostatectomy: A Double-blind Controlled Trial
Comparing Frusemide and Mannitol

K. Crowley, K. Clarkson, V. Hannon, A. McShane, D. G. Kelly

Department of Anaesthesia & Critical Care Medicine, St Vincent’s Hospital,
Dublin, Ireland

Abstract: Mannitol and frusemide were compared in a randomized, controlled, double-
blind trial for their effects in promoting diuresis after prostatectomy and on indices of
water intoxication. The drugs had comparable diuretic effects. Sodium loss was greater
with frusemide, contributing to sodium depletion after operation. Administration of
frusemide was associated with more frequent need for i.v. volume expansion after
operation. Plasma osmolality was greater with mannitol (289 (SD 4.2 mosmol kg21 at 1
h after operation and 285 (5.3) mosmol kg21 at 4 h after operation) than with
frusemide (282 (7.1) mosmol kg21 and 279 (6.7) mosmol kg21, respectively) (p , 0.05).
Plasma concentration of sodium was significantly greater with mannitol (136.9 (3.1)
mmol liter21) than with frusemide (134.4 (2.8) mmol liter21) only on the morning after
surgery (p , 0.05). Mannitol is an effective alternative to frusemide in inducing diuresis
after prostatectomy, and may protect against water intoxication.
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