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The frequency and pathophysiology of hyponatremia were studied in the ac-
quired immunodeficiency syndrome. Of 71 hospitalized patients surveyed retro-
spectively, hyponatremia was observed in 37 (52%). Of 48 patients studied
prospectively, 27 (56%) were hyponatremic. In 16 hyponatremic patients, vol-
ume status; serum and urine osmolalities; renal, adrenal, and thyroid function;
and plasma vasopressin levels were assessed. Urine osmolalities were inappro-
priately elevated (mean, 377 mmol/kg of water) relative to serum osmolalities
(mean, 268 mmol/kg of water). Four patients had moderate renal insufficiency.
Plasma vasopressin levels were elevated in 15 patients, with the highest levels
seen in patients who died (median, 7.08 pmol/L). Hyponatremia of multiple
etiologies occurred in a majority of inpatients with the acquired immunodeficien-
cy syndrome, often following the administration of hypotonic fluids, and was

associated with a 30% (8/27) short-term mortality.

HYPONATREMIA in hospitalized pa-
tients is a relatively common electrolyte
disorder.”® It tends to occur in the set-
ting of serious disease and is associated
with increased mortality.*® Patients
with renal, cardiac, hepatic, pulmo-
nary, intracranial, and endocrine dis-
eases may develop hyponatremia when
urinary free-water excretion is im-
paired by renal tubular dysfunction, de-
creased distal tubular delivery of fil-
trate, or nonosmolar vasopressin re-
lease.

Impairment of one or several organ
systems is common in the acquired im-
munodeficiency syndrome (AIDS). Hy-
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ponatremia has been reported in sever-
al patients with AIDS,™ but this
association has not been studied sys-
tematically. We undertook to describe
the prevalence of hyponatremia in hos-
pitalized patients with AIDS and to
characterize the disorders of water ex-
cretionin this setting.

PATIENTS AND METHODS
Clinical Protocol

The study included a retrospective
survey and a prospective analysis.

For the retrospective survey, the
charts of 71 patients with AIDS were
reviewed consecutively. They had all
been admitted to Lenox Hill Hospital in
New York, NY, in the first 5 months of
1986 and fulfilled the criteria for the
diagnosis of AIDS established by the

Centers for Disease Control. Hypona-
tremia was defined as a serum sodium
level less than 133 mmol/L on at least
one routine automated chemical profile
during hospitalization.

To examine the pathophysiology of
hyponatremia in AIDS, a prospective
study was undertaken. Forty-eight con-
secutive patients with AIDS were iden-
tified between June 5 and August 21,
1986. All clinical diagnoses, medica-
tions, and routine chemical profiles
were recorded on admission and reas-
sessed three times weekly. If hypona-
tremia was noted, the patient under-
went further study.

Afterinformed consent was obtained,
extracellular fluid volume status was
assessed clinically. Fluid depletion was
inferred from the findings of decreased
skin turgor, dry mucous membranes, or
orthostatic hypotension. Fluid overload
was suggested by the presence of jugu-
lar venous distention, dependent pul-
monary rales, a third heart sound, evi-
dent pleural effusion or ascites, or
dependent edema. Serum samples were
obtained for a chemical profile, osmolal-
ity, and random cortisol determination.
When hypothyroidism was considered
on clinical grounds, serum triiodothyro-
nine resin uptake and thyroxine levels
were also determined. Plasma was ob-
tained for determination of renin ac-
tivity, aldosterone, and arginine vaso-
pressin (AVP) levels. Simultaneous
specimens of urine were analyzed for
sodium concentration and osmolality. A
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24-hour collection of urine was used to
determine the clearance of creatinine
and the excretion of sodium, chloride,
potassium, and free water. If the ran-
dom serum cortisol level was less than
1100 nmol/L, a standard stimulation
test was performed. After a baseline
serum cortisol specimen was obtained, a
250-pg bolus of 1-24 corticotropin was
injected intravenously, followed by
measurement of serum cortisol levels at
30 to 60 minutes.

The experimental protocol was ap-
proved by the Ethics and Experimenta-
tion Committee of Lenox Hill Hospital.

Laboratory Procedures

Serum chemical profiles were run on
a multichannel autoanalyzer (SMAC,
Technicon Ine, Tarrytown, NY); urine
chemistries were determined by an ion-
selective analyzer (ASTRA, Beckman
Instruments, Brea, Calif). Osmolality
was measured by determination of
freezing-point depression. Triiodothy-
ronine resin uptake was measured by a
standard adsorbent assay; thyroxine
was determined by radioimmune assay;
free thyroxine index was computed by
multiplying the serum thyroxine by the
quotient of the patient’s triiodothyro-
nine resin uptake and the mean normal
triiodothyronine resin uptake. Cortisol
and aldosterone were determined by ra-
dioimmunoassay. Plasma renin activity
was assessed by determination of the
generation of angiotensin I by radioim-
munoassay. Arginine vasopressin was
measured with a specific radioimmuno-
assay," which was performed by Alan

G. Robinson, MD, at the Endoerinology
Laboratory, Department of Medicine,
University of Pittsburgh (Pa).

Statistical Methods

When the data were normally distrib-
uted, values were expressed as the
mean = SE, and a nonpaired ¢ test was
applied to check for differences between
groups. Nonparametric data were ana-
lyzed with the Wilcoxon Rank-Sum
Test and dichotomous data by x°. The
null hypothesis was rejected at P <.05
in all cases.

RESULTS
Incidence of Hyponatremia

In the retrospective survey of 71 pa-
tients with AIDS, 37 (52%) were found
to exhibit hyponatremia during their
hospital course.

In the subsequent prospective study,
48 patients were identified with AIDS.
The initial presenting disease was
Preumocystis carinii pneumonia in 34
patients, cytomegalovirus (CMV) infec-
tion in 5, and Kaposi’s sarcoma in 4; the
remaining 5 patients had presented
with various other illnesses. The mean

age of these patients was 39.8 years;
there were 47 men and 1 woman. In this
series, 27 patients (56%) were noted to
have hyponatremia, with the lowest se-
rum sodium concentrations during hos-
pitalization ranging from 117 to 132
mmol/L: (mean, 126 +4 mmol/L). Thir-
teen patients (27%) were hyponatremic
on admission; the remaining 14 (29%)
had normal serum sodium concentra-
tions on admission and later developed
hyponatremia during their hospital
course.

The organ system involvement of
AIDS patients with and without hypo-
natremia is outlined in Table 1. While
hyponatremia occurred in 65% of pa-
tients with pulmonary disease and 63%
of patients with intracranial disease,
the distribution of organ involvement
was not found to be different from that
of normonatremic AIDS patients.

Factors Contributing
to Hyponatremia

Of the 27 patients with hypeonatre-
mia, 16 were studied fully as described
in the “Patients and Methods” section;
the results of these studies are summa-
rized in Table 2. Fifteen patients had

Tabie 1.—Clinical Characteristics of 48 Patients With the Acquired Immunodeficiency Syndrome

Hyponatremic Normonatremic Al
Organ System Patients Patients Patients
Involvement (n=27) (n=21) {n=48)
Pulmonary 17 9 26
Central nervous system 5 3 8
Intestinal 3 5 8

Table 2. —Clinical Data of 16 Patients With the Acquired immunodeficiency Syndrome Who Were Studied During Hyponatremia*

Medications Vaiues Determined on Study Day
Patient Admitting Fluid Hypotonic SNa, Sosm, Uosm, UNa, AVP, Cer,
No. Diagnosis Status Barbiturates Narcotics Solutions mmol/lL. mmolkg mmollkg mmolt pmoll mls
1 PCPt Decreased - - - 128 263 394 29 7.08 0.82
2 Cryptococcus meningitist  Decreased - - + 122 243 442 161 7.08 1.55
3 Saimonella bacteremiat Decreased - + - 128 289 300 40 17.03 117
4 Lung abscesst Decreased - + - 131 261 381 70 0.84 0.62
5 Anemia Decreased + - - 127 264 421 150 0.57 0.80
6 Pneumonitis Normal - + 131 276 335 56 1.11 1.38
7 CMV pneumonitis, T Normal + + + 131 267 690 192 2.44 0.77
CMV meningitis
8 Candida esophagitis Decreased - - - 130 265 457 3 0.37 1.27
9 CMV retinitis/colitis Decreased - - + 129 264 514 51 0.88 1.27
10 PCP Normal - = + 126 263 246 55 0.71 1.10
R PCP Normal - = + 131 273 341 29 1.02 1.43
12 PCP Normal - + + 131 269 443 132 0.81 1.63
13 PCP Decreased - = + 130 265 215 30 0.71 1.08
14 CMV retinitis, Normal + - + 130 259 436 106 1.21 1.63
CMYV pneumonitis

15 PCP Decreased . + + 132 278 156 25 0.70 0.38
16 Lymphoma Decreased - + + 128 281 259 105 1.31 0.25

*SNa indicates serum sodium; Sosm, serum osmolality; Uosm, urine osmoiality; UNa, urine sodium; AVP, arginine vasopressin; Ccr, creatinine clearance; PCP, Pneumocystis

carinii pneumonia; and CMV, cytomegalovirus.
tDied in hospital.
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decreased serum osmolality (mean,
266 =2 mmol/kg of water); the remain-
ing patient had a normal serum osmolal-
ity with concomitant azotemia (Fig 1).

The urine osmolality was inappropri-
ately elevated (mean, 377 mmol’kg of
water) in all 15 patients with serum hy-
potonicity. Four patients had a creati-
nine clearance of less than 0.67 mL/s. Of
the remaining 12 patients, all but 1 had
urinary sodium concentrations greater
than 20 mmol/L. None of the patients
had evident cardiac or hepatic disease or
fluid overload.

Adrenal function was evaluated in the
16 patients (Tables 3 and 4 and Fig 2). In
no instance was there evidence of overt
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Fig 1.—Simultaneous serum and urine osmolalities
in 16 patients with the acquired immunodeficiency
syndrome. Normal range of serum osmolality is be-
tween the vertical dashed lines.

hypoadrenalism. While the renin and
aldosterone levels varied between sub-
jects, a correlation of aldosterone and
renin revealed a linear relationship be-
tween these two hormones (r=.76,
P<.005). In 4 patients (Nos. 1, 2, 5, and
8) in whom there was a relatively flat
response to cosyntropin stimulation, al-
dosterone levels were significantly sup-
pressed (P<.005), despite clinical evi-
dence of hypovolemia, and serum
sodium levels were significantly lower
(P<.05) than in patients with a cosyn-
tropin-stimulated cortisol increment.
While a possible reason for the low aldo-
sterone levels in these patients might
have been their apparent hypore-
ninemia (0.34+0.16 ng-L'-s™' vs
3.84+2.22 ng-L'-s7"), we found no
significant difference between the renin
levels of the two groups by the Mann-
Whitney U Test (P=.07). In 1 patient
with a cortisol response of less than 190
nmol/L, hyponatremia was rapidly cor-
rected with no therapy other than phys-
iological doses of hydrocortisone.

Nine of the 16 patients were clinically
euthyroid; the remaining 7 had nonspe-
cific signs consistent with hypothyroid-
ism and underwent thyroid function
testing. Of these 7 patients, 5 had nor-
mal free thyroxine indexes. The 2 re-
maining patients had slightly depressed
free thyroxine indexes of 60 and 62
nmol/L, respectively (normal range, 64
to 154 nmol/L). One of these patients
was shown to be euthyroid with a nor-
mal thyroid-stimulating hormone level
of 2.2 mU/L (normal range, 0 to 7
mU/L).

Fourteen of the 15 patients with se-
rum hypotonicity had plasma AVP lev-
els greater than 0.5 pmol/L, represent-

Table 3. —Status of Adrenal Function and Renin-Aldosterone System in 16 Hyponatremic Patients

Serum Cortisol, nmol/L,

Adrenal funcﬁon

After Corticotropin
Patient Plasma Aldosterone, Plasma Renin Activity,

No. Baseline 30 min 60 min pmol/L ng-L-g-!

1 760 Ca 810 140 0.14

2 540 660 700 70 0.06

3 1630 L. .. 430 464

4 650 1220 1180 120 0.12

5 750 820 880 80 0.36

6 250 470 610 360 2.56

7 360 820 840 200 0.26

8 630 630 740 40 0.78

9 980 1240 1660 360 2.50
10 750 ... . 720 2.48
11 480 740 830 710 3.02
12 310 630 730 60 0.20
13 350 710 790 330 0.76
14 530 780 950 150 0.48
15 240 630 740 120 1.30
16 >1660 470 27.76

L e
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ing a lack of suppression of vasopressin
release despite serum hypoosmolality
(Fig 3). Four of these patients lacked
significant impairment of renal, adre-
nal, and thyroid function and were clini-
cally normovolemic. The sole basis of
their free-water retention appeared to
be non-volume-mediated, nonosmolar
vasopressin release.

Agents Contributing
to Hyponatremia

Patients in the study were commonly
treated with narcoties and other drugs
known to stimulate vasopressin release
(Table 5), and 79% received hypotonic
saline infusions. There were no signifi-
cant differences between hyponatremic
and normonatremic patients with re-
spect to drugs or hypotonic saline infu-
sions. No patients received hypoglyce-
mic agents that might affect water
metabolism.

Mortality

Ten (21%) of 48 patients died in the
hospital during the prospective study; 8
of those who died had been hyponatre-
mic. Although the mortality rate in hy-
ponatremic patients of 30% compared
with a 10% mortality rate in normona-
tremic patients, the difference was not
significant by ° analysis. Patients who
died had had a lower nadir serum sodi-
um level than survivors (128 + 2 mmol/L
vs 133+ 1 mmol/L, P<.04).

Plasma AVP levels were significantly
elevated in 5 patients who died com-
pared with 11 patients who survived
(median, 7.08 pmol/L vs 0.81 pmol/L,
P<.01).

Autopsy Findings

Among the T1 patients surveyed ret-
rospectively and the 48 patients en-
rolled prospectively, 8 patients who
were hyponatremic were examined
postmortem. These consisted of 6 pa-
tients from the retrospective group and
2 from the prospective group. All 8 pa-
tients had active pulmonary infiltrates
associated with Prewmocystis carinii
pneumonia (5 patients), CMV infection
(4 patients), bacterial pneumonia (3 pa-
tients), or unclassified pneumonia (1 pa-
tient). Central nervous system lesions
included CMV encephalitis (2 patients)
and eryptococcal meningitis (1 patient).
Five patients had enterocolitis, most
commonly associated with CMV (4
patients).

In all eight patients adrenal abnor-
malities were seen. Extensive cortical
necrosis, often hemorrhagic, was ob-
served in six patients. In five of these,
intracellular inclusion bodies character-
istic of CMV adrenalitis were seen; the
sixth patient had disseminated Myco-
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Table 4.—Clinical Correlates of Adrenal Status in 15 Hyponatremic Patients

Patients With <190 nmol/L
Cortisol Response to

Patients With >190 nmol/L
Cortisol Response to
Corticotropin or Baseline
Cortisol >1100 nmolL

Corticotropin (n=4) n=11)

Mean arterial pressure, mm Hg

(mean + SE} 88+7 842
Fluid status

Hypovolemic 4 6

Normovolemic 0 5

Hypervolemic 0 (o]
Laboratory values

Serum sodium, mmol/L 127 1% 130+1

Serum potassium, mmol/L 3.9+02 44+02

Serum bicarbonate, mmol/L 212 22+1

Plasma aldosterone, pmol/L 80+20t 31010

*P<.05 compared with hyponatremic patients with a greater than 190-nmol/L corticotropin—induced cortisol

response.

+P<.005 compared with hyponatremic patients with a greater than 190-nmol/L corticotropin—induced cortisol

response.
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Fig 2.—Serum cortisol response to corticotropin
stimulation test in 13 patients with the acquired im-
munodeficiency syndrome. Results in patients with
cortisol increments of less than 190 nmol/L are
shown by solid lines; those with cortisol increments
of greater than 190 nmol/L are shown by dotted
lines.
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Fig 3.—Plasma arginine vasopressin (AVP) and se-
rum osmolality in 16 patients with the acquired im-
munodeficiency syndrome. Normal range of serum
osmolality is between the vertical dashed lines.
Range of maximally suppressed AVP levels is be-
low the horizontal dashed line.

Table 5.—Medications Given to 48 Patients With the Acquired Immunodeficiency Syndrome

Hyponatremic Patients Normonatremic Patients
{(n=27) (n=21)
Central nervous system drugs
Opiates 13 8
Barbiturates 4 1
Acetaminophen 25 16
Hypotonic saline
0.45% Sodium chioride 15 6
0.20% Sodium chloride 5 2
0.00% Sodium chioride 18 9

X
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bacterium avium-intracellulare infec-
tion. In the two patients without
adrenal necrosis, the only adrenal ab-
normality noted was cortical lipid deple-
tion. One of the above patients with
CMV adrenalitis was found to exhibit
a subnormal adrenocorticotropic hor-
mone response during the prospective
analysis (patient 1, Table 3).

COMMENT

We found hyponatremia to occur in
56% of hospitalized patients with AIDS.
This frequency was higher than in other
series of hospitalized patients. Flear et
al*® noted hyponatremia in 15% of 2852
routine specimens from general hospi-
talized patients and in 45% of 190 pa-
tients with acute myocardial infarction.
Samadi and colleagues® reported an inci-
dence of 21% in 1320 children with se-
vere diarrhea. Anderson et al' observed
a daily prevalence of hyponatremia of
2% in a general hospital population, but
the total incidence was not reported.
Thus, hospitalized patients with AIDS
are at higher risk of developing hypona-
tremia than any previously deseribed
patient subgroup. This hyponatremia
results not from any mechanism that is
new or pathophysiologically distinct,
but rather from the accumulated mul-
tiorgan morbidity that is unique to pa-
tients with AIDS.

In the 16 patients with hyponatremia
who were further studied to elucidate
the pathophysiology of hyponatremia, a
number of factors were found to contrib-
ute to the development of hyponatre-
mia. Pseudohyponatremia caused by
hyperlipidemia, hyperproteinemia, or
hyperglycemia was not observed. No
patients in our series had cardiac or he-
patic disease or evident fluid overload,
in contrast to other series of hospital-
ized patients."*

Ten of the 16 patients were clinically
dehydrated, in part because of poor nu-
tritional intake and abnormal gastroin-
testinal losses. Among these 10 patients
were 4 patients with moderate renal in-
sufficiency (creatinine clearance <0.67
mL/s) and 4 patients with possibly di-
minished adrenal reserve. In only 1 hy-
povolemic patient was tubular sodium
avidity demonstrated by a random
urine sodium concentration less than 20
mmol/L. This is in keeping with the ab-
normal urinary sodium conservation of-
ten seen with altered renal or adrenal
function.

Renal insufficiency per se has been
shown to result in impaired urinary di-
luting ability." Previous reports on hos-
pitalized patients*® have found renal
failure to contribute to hyponatremia in
9% and 23% of cases, respectively. Our
finding of moderate renal functional im-
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pairment in 4 (25%) of 16 patients is
consistent with this prior experience.

Hypothyroidism and hypoadrena-
lism, two endocrinopathies known to
contribute to hyponatremia, were not
reported in the previous series."* We
noted two patients to have mildly de-
creased thyroxine levels; one patient
had a normal thyroid-stimulating hor-
mone level and was likely truly euthy-
roid. Hyponatremia caused by hypo-
thyroidism has been reported pre-
dominantly in the setting of frank myx-
edema,” and we consider it unlikely that
the mild degree of hypothyroidism in
the second patient contributed signifi-
cantly to the development of hypo-
natremia.

Adrenal function in our patients was
assessed with random determinations
of serum cortisol levels. Two patients
had a random cortisol level greater than
1100 nmol/L: and were presumed to be
normoadrenal; the remaining 14 pa-
tients underwent a standard rapid corti-
cotropin stimulation test.” Although
none of these 14 patients had random
cortisol levels below the commonly cited
normal ranges, 4 of them responded to a
short cosyntropin stimulation test with
a cortisol increment of less than 190
nmol/L. Although their cortisol incre-
ment is difficult to assess because of
their baseline cortisol elevation, these 4
patients were clinically dehydrated and
had significantly lower serum sodium
levels compared with the 12 hyponatre-
mic patients with cortisol increments of
greater than 190 nmol/L. Hyperkalemia
was not seen, perhaps as a result of
depletion from diminished intake and
increased gastrointestinal losses. The 1
patient (No. 1, Table 3) with a subnor-
mal response to corticotropin who was
examined postmortem was found to
have adrenal cortical necrosis caused by
CMYV adrenalitis, in a pattern described
in a number of autopsy series of patients
with AIDS."*" Another patient was re-
ceiving ketoconazole, a known inhibitor
of adrenal steroidogenesis.” In compar-
ison, 2 of the 12 patients with a cortisol
response greater than 190 nmol/L, were
treated with ketoconazole.

The rapid-bolus corticotropin stimu-
lation test was utilized to screen for the
adequacy of adrenal reserve in this pa-
tient population, known to be at risk for
adrenal infection and hemorrhagic ne-
crosis.”"" This test has been employed
widely in the evaluation of adrenal re-
serve®® and has been utilized in the
adrenal evaluation of patients with
AIDS.*# Despite the widespread ac-
ceptance of this convenient rapid-bolus
test, however, the criteria for a normal
response have not been standardized
and remain unclear.” In addition, a ret-
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rospective review of the rapid cortico-
tropin test, when compared with a con-
tinuous corticotropin infusion as a
reference test, showed the results of the
rapid-bolus test to be falsely abnormal
in some patients.” The authors thus
support the use of the rapid corticotro-
pin test as a screening test but recom-
mend the use of the 48-hour corticotro-
pin infusion test to establish a diagnosis
of adrenocortical failure. Similarly,
Membreno et al” propose a 3-day corti-
cotropin infusion test in ATDS patients
before administering replacement ste-
roid therapy. Patients with AIDS are
known to exhibit a variety of morpholo-
gic and functional adrenal abnormali-
ties,"" findings corroborated by this
study. Although the rapid-bolus corti-
cotropin test has potential limitations,
the occurrence of a flat cortisol response
In this setting of hyponatremia, de-
creased aldosterone levels, and in-
creased risk of anatomic adrenal abnor-
malities may identify patients for whom
more definitive adrenal evaluation is
warranted.

Plasma AVP levels have been found
to be useful in evaluating hyponatre-
mia. During hypo-osmolar states, plas-
ma AVP levels are normally suppressed
toless than 0.5 pmol/L. In 15 (94%) of 16
patients with documented serum hy-
poosmolality (Table 2), AVP levels
were not suppressed, demonstrating
nonosmolar vasopressin release. This
phenomenon was observed in other
groups of hospitalized hyponatremic pa-
tients,"” in 97% and 81% of cases, re-
spectively. In 8 patients in our series
the levels were pathologically elevated
to greater than 1.0 pmolL. Four of
these patients appeared clinically nor-
movolemic; hence, the release of vaso-
pressin was not volume mediated. Fur-
thermore, they lacked evidence of
renal, thyroid, or adrenal failure. This
pattern is consistent with the so-called
syndrome of inappropriate antidiuretic
hormone secretion. All 4 patients
had active pulmonary disease, and 3
were receiving opiates or barbiturates,
agents previously reported to be associ-
ated with the syndrome.**

Although the above mechanisms may
impair free-water clearance in inpa-
tients with AIDS, most of our patients
did not actually become hyponatremic
until they received hypotonic fluids.
These were often administered as a dilu-
ent with antibiotics such as sulfameth-
oxazole-trimethoprim, as parenteral
nutrition, or as a precaution against so-
dium overload. Although the official
packaging information for sulfamethox-
azole-trimethoprim recommends that
only dextrose in water be used as the
diluent,” the drug has been shown to be

stable in a maximally concentrated solu-
tion with normal saline for up to 2
hours.” Isotonie formulations for paren-
teral nutrition are also available. Prob-
lems with cardiac or hepatie failure and
fluid overload were not encountered in
our patients. Hence, it should not be
difficult to avoid hypotonic infusions in
most patients with AIDS who are pre-
disposed to free-water retention or who
are already overtly hyponatremic.

It is difficult to assess the morbidity

from hyponatremia per se in a group of
patients with many nonspecific and con-
stitutional symptoms and frequent cen-
tral nervous system disease with its at-
tendant symptomatology. Of the 27
patients who developed hyponatremia,
5 patients had concomitant obtunda-
tion, but none were observed to have
seizures or coma. In 3 of these, the low-
est serum sodium levels ranged from
117 to 122 mmol/L, and the mental sta-
tus improved somewhat after correc-
tion of hyponatremia. The other 2 pa-
tients had ongoing central nervous
system disease and remained obtunded
despite correction of hyponatremia.
The association of AIDS-related central
nervous system disease and vasopres-
sin-mediated hyponatremia is likely to
become an increasingly common prob-
lem in view of the vastly enlarging inci-
dence and spectrum of eentral nervous
system lesions caused by human immu-
nogeﬁciency virus, which is neurotrop-
ic.
The hyponatremic patients in our
study had a 30% short-term mortality
rate compared with a 10% mortality in
the normonatremic patients. Although
this difference did not achieve statisti-
cal significance, the lack of significance
may have been influenced by the sample
size. We did note that plasma AVP lev-
els were significantly greater in hypo-
natremic patients who died compared
with those who survived. To our knowl-
edge, this association has not been re-
ported previously. It may reflect the
generally poor prognosis associated
with serious disease, the stress of which
may result in markedly increased vaso-
pressin release.

In summary, hyponatremia occurs
commonly in hospitalized patients with
AIDS, and it may predict a more imme-
diately fatal outcome. Its etiology is
multifactorial, and contributing factors
might include hypovolemiz; renal, thy-
roid, and adrenal insufficiency; and oth-
er states of nonosmolar vasopressin re-
lease. Diminished adrenal reserve in
patients with AIDS may not necessarily
be associated with overt hypotension,
azotemia, hyperkalemia, or depressed
cortisol levels, and a prolonged cortico-
tropin stimulation test may be required
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for its diagnosis. Arginine vasopressin
levels are frequently increased, espe-
cially in patients who have active pulmo-
nary disease or who are receiving drugs
previously associated with hyponatre-
mia. In this study, elevated AVP levels
were also associated with increased
mortality. Since hospitalized patients
with AIDS may be at risk for free-water
retention and hyponatremia, the serum
sodium concentration should be moni-
tored frequently, and hypotonic fluids
should be administered with appropri-
ate caution.

References

1. Anderson RJ, Chung HM, Kluge R, Schrier
RW. Hyponatremia: a prospective analysis of its
epidemiology and the pathogenetie role of vaso-
pressin. Ann Intern Med. 1985;102:164-168.

2. Kleinfeld M, Casimor M, Borra S. Hyponatre-
mia as observed in a chronic disease facility. J Am
Geriatr Soc. 1979;27:156-161.

3. Flear CTG, Gill GV. Hyponatraemia: mecha-
nisms and management. Lancet. 1981;2:26-31.

4. Samadi AR, Wahed MA, Islam MR, Ahmed SM.
Consequences of hyponatraemia in children with
acute diarrhoea in Bangladesh. Br Med J
1983;1:671-673.

5, Flear CTG, Hilton P. Hyponatraemia and sever-
ity and outcome of myocardial infarction. Br Med J.
1979;1:1242-1246.

6. Arieff Al, Llach F, Massry SG. Neurologic man-
ifestations and morbidity of hyponatremia: correla-
tion with brain water and electrolytes. Medicine.
1976;55:121-129.

7. Salik JM, Kurtin P. Severe hyponatremia after

978 JAMA, February 16, 1990—Vol 263, No. 7

colonoscopy preparation in a patient with the ac-
quired immune deficiency syndrome. Am J Gas-
troenterol. 1985;80:177-179.

8. Milligan SA, Kayz MS, Craven PC, Strandberg
DA, Russel 1J, Becker RA. Toxoplasmosis pre-
senting as panhypopituitarism in a patient with the
acquired immune deficiency syndrome. Am J Med.
1984;77:760-764.

9. Lerner CW, Tapper ML. Opportunistic infec-
tion complicating acquired immune deficiency syn-
drome: clinical features of 25 cases. Medicine.
1984;63:155-164.

10. Verbalis JG, Baldwin EF, Robinson AG. Os-
motic regulation of plasma vasopressin and oxyto-
cin after sustained hyponatremia. Am J Physiol.
1986;250:R444-R451.

11. Kleeman CR, Adams DA, Maxwell MH. An
evaluation of maximal water diuresis in chronic
renal disease, I: normal solute intake. J Lab Clin
Med. 1961;58:169-184.

12. Goldberg M, Reivich M. Studies on the mecha-
nism of hyponatremia and impaired water excre-
tion in myxedema, Ann Intern Med. 1962;56:120-
130.

13. Speckart PF, Nicoloff JT, Bethune JE. Screen-
ing for adrenocortical insufficiency with cosyntro-
pin (synthetic ACTH). Arch Intern Med. 1971;128:
761-763.

14. Reichert CM, O’Leary TJ, Levens DL, Simrell
CR, Macher AM. Autopsy pathology in the ac-
quired immune deficiency syndrome. Am J Pathol.
1983;112:357-382.

15. Tapper ML, Rotterdam HZ, Lerner CW,
AYKhafaji K, Seitzman PA. Adrenal necrosis in the
acquired immunodeficiency syndrome. Ann Intern
Med. 1984;100:239-241.

16. Niedt GW, Schinella RA. Acquired immunode-
ficiency syndrome: clinicopathologic study of 56 au-
topsies. Arch Pathol Lab Med. 1985;109:727-734.
17. Glasgow BJ, Steinsapir KD, Anders K, Lay-
field LJ. Adrenal pathology in the acquired immune
deficiency syndrome. Am J Clin Pathol. 1985;84:

594-597.

18. Pont A, Williams PL, Loose DS, et al. Ketocon-
azole blocks adrenal steroid synthesis, Ann Intern
Med. 1982;97:370-372.

19. May ME, Carey RM. Rapid adrenocorticotrop-
ichormeone test in practice. Am J Med. 1985;79:679-
684

20. Bondy PK. The adrenal cortex. In: Bondy PK,
Rosenberg LE, eds. Metabolic Control and Dis-
ease. 8th ed. Philadelphia, Pa: WB Saunders Co;
1980:1454-1455.

21. Kalin MF, Poretsky L, Seres DS, Zumoff B.
Hyporeninemic hypoaldosteronism associated with
acquired immune deficiency syndrome. Am J Med.
1987;82:1035-1038.

22. Membreno L, Irony 1, Dere W, Klein R, Big-
lieri EG, Cobb E. Adrenocortical function in ac-
quired immunodeficiency syndrome. J Clin Endo-
crinol Metab. 1987;65:482-487.

23. Szatalowicz VL, Arnold PE, Chaimovitz C,
Bichet D, Berl T, Schrier RW. Radioimmunoassay
of plasma arginine vasopressin in hyponatremic pa-
tients with congestive heart failure. N Engl J Med.
1981;305:263-266.

24. De Bodo RC. The antidiuretic action of mor-
phine, and its mechanism. J Pharmacol Exp Ther.
1944;84:74-85.

25. De Bodo RC, Prescott KF. The antidiuretic
action of barbiturates (phenobarbital, amytal, pen-
tobarbital) and the mechanism involved in this ae-
tion. J Pharmacol Exp Ther. 1945;85:222-233.

26. Huff BB, Dowd AL, eds. Physicians’ Desk
Reference. 41st ed. Oradell, NJ: Medical Economics
Co; 1987.

27. Lesko LJ, Marion A, Ericson J, Siber GR.
Stability of trimethoprim-sulfamethoxazole injec-
tion in two infusion fluids. Am J Hosp Pharm.
1981;38:1004-1006.

28. McArthur JC. Neurologic manifestations in
AIDS. Medicine. 1987,66:407-433.

Hyponatremia and AIDS—Vitting et al

Downloaded from www.jama.com at Mt Sinai School Of Medicine on May 24, 2010


http://jama.ama-assn.org

