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We assessed the value of quantitative cast excretion as an early marker of renal
tubular damage in 154 seriously ill patients. One hundred twenty-four of these
received aminoglycoside antibiotics, and 30 of the 124 experienced a rise in serum
creatinine of 0.5 mg/dl or more during therapy. The remaining 30 of the 154
patients were treated with other antibiotics and served as controls. Casts were
quantitated in random urines collected before morning diuretic doses. Cast counts
in control patients averaged 44 ± 51 casts during the intensive care unit admission.
Patients given aminoglycosides without a significant rise in serum creatinine of
0.5 mg/dl or more excreted 153 ± 196 casts, significantly more than controls. In
comparison to both the control and nontoxic patients, the 30 nephrotoxic patients
excreted significantly more casts (625 ± 364) and were significantly higher as
early as 9 days before serum creatinine first rose. Daily urinary cast counts are a
rapid and inexpensive means of identifying early renal tubular damage in critically
ill patients given aminoglycosides.

Aminoglycoside antibiotics such as gentami-
cin, tobramycin, amikacin, and netilmicin are
highly effective in the treatment ofserious gram-
negative infections. However, their use in criti-
cally ill patients may be associated with acute,
nonoliguric renal insufficiency. Although serum
creatinine and creatinine clearance are com-
monly employed to monitor the renal function
of treated patients, both are tests of glomerular
filtration rate rather than renal tubular function,
the location of aminoglycoside-related damage.
Because of considerable lag time between tubu-
lar injury and creatinine clearance rise, mea-
surement of serum creatinine and creatinine
clearance provides essentially no early warning
of proximal tubular damage. Moreover, amino-
glycosides accumulate rapidly in renal tissue,
produce damage, and persist in the kidney long
after treatment ends, so stopping therapy only
after glomerular filtration rate falls will not pre-
vent further progression of the renal failure (9).
The need for more sensitive renal monitoring

techniques has increased interest in proxiinal
tubular tests such as urinary enzymes (6, 7) and
urinary ,B2-microglobulin (8, 10). These tests
clearly are more sensitive than is serum creati-
nine. However, in addition to aminoglycosides,
many clinical tubular insults alter the excretion
of urinary enzymes (14) and unrnary fi2-micro-

globulin (3), thus diminishg their diagnostic
value.
Although it appears unlikely that an amino-

glycoside-specific renal tubular marker will be
discovered, tests of renal tubular function, if
frequently employed, may give early warning of
tubular damage before a decline in glomerular
filtration rate occurs. However, daily measure-
ment of f)2-microglobulin and most urinary en-
zymes is limited in availability and is expensive
and time consuming. Therefore, we explored the
measurement of urinary cast excretion as an
early marker of renal tubular damage, because
the identification of a renal tubular marker with
adequate sensitivity, low cost, and general avail-
ability can potentially decrease both the inci-
dence and the severity ofaminoglycoside-related
renal damage.

MATERIALS AND METHODS
Patients. A total of 124 patients receiving amino-

glycosides and 30 similar intensive care unit (ICU)
patients who did not receive aminoglycosides com-
prised the study group. Of the 124 treated patients, 25
received gentamicin, 70 received tobramycin, 18 re-
ceived amikacin, and 11 received netilmicin. These
patients and the 30 controls were managed in acute-
care units for gram-negative infections complicating
either medical or surgical problems. The majority of
patients were over 60 years old, and most had creati-
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nine clearances below 60 ml/min. Associated medical
diagnoses frequently included congestive heart failure,
diabetes, cerebrovascular accident, gastrointestinal
bleeding, shock, malnutrition, diverticulitis, and mes-
enteric insufficiency. Malignancy, when present, was
generally not the reason for ICU admission. Most
surgical patients had postoperative pneumonia or ab-
dominal infections complicating lower bowel resec-
tions, or gastrointestinal cancer, or both. Most medical
patients had pneumonia, in many cases associated
with chronic lung disease. Control patients were sim-
ilar in terms of clinical conditions, but usually had less
severe infections. Control patients received either no
antibiotics, cephalosporins, or clindamycin instead of
aminoglycosides.

Dosing and blood levels. All patients were given
recommended loading dosages of aminoglycosides, fol-
lowed by maintenance doses adjusted according to
measured peak and trough serum concentratiQns. De-
sired peak concentrations were 4.0 to 10.0 ,g/ml for
gentamicin, tobramycin, and netilmicin, and 20 to 30
pg/ml for amikacin. Desired trough concentrations
were 0.5 to 2.0 ,ug/ml for gentamicin, tobramycin, and
netilmicin, and 2.0 to 5.0 ug/ml for amikacin. These
levels were exceeded in patients who responded poorly
to usual dosing, when potential benefits appeared to
exceed risks.
Most patients concurrently received one to four

drugs typical of those given to older adults. Digoxin
and loop diuretics such as furosemide were given to
the majority of patients.
Assessment ofrenal damage. Of the 124 patients

treated with aminoglycosides, 30 (24%) experienced a
0.5-mg/dl or greater rise in serum creatinine during or
within 5 days after aminoglycoside treatment. All pa-
tients with significant creatinine increases were judged
nephrotoxic. In this manner, the assumption was made
that casts are nonspecific indicators ofdamage to renal
tubules, rather than being specific for aminoglycosides,
since many patients also had other potential causes of
renal damage present. Our purpose was to compare
cast excretion among sick patients, sick patients given
aminoglycosides, and sick patients with aminoglyco-
side nephrotoxicity.
Mean ± standard deviation (SD) cast counts were

illustrated with respect to time in reference to day 0.
In nontoxic patients and in the 30 control patients,
day 0 represented the day of first aminoglycoside dose
and day of first ICU admission, respectively. In the
nephrotoxic patients, day 0 was the day ofthe first rise
in serum creatinine. It was necessary to illustrate
nephrotoxic patients in this synchronizing manner to
allow for comparison and because creatinine did not
rise on the same day in all patients.
Assays. Serum aminoglycoside concentrations

were measured by both microbiological and radioim-
munoassay techniques as previously described (9).
Daily serum creatinine and daily 24-h urine creatinine
clearances were determined by standard autoanalyzer
method&s
A variation of the Addis count (1) was used to count

casts. A 12-mi random sample of urine was collected
daily in the morning for the duration of treatment and
for at least 5 days after the drug was discontinued.

Four drops of 40% Formalin were added to each sam-
ple for preservation of casts. Urines with pH greater
than 6.5 were acidified to pH < 5.0 (2, 11). The samples
were centrifuged at 2,000 rpm for 5 min and aspirated
to 1.0 ml. The samples were stained with a modified
Sternheimer-Malbin stain prepared by mixing equal
volumes of crystal violet and safranin. The stained
sample was loaded into a standard hemacytometer
and counted under low power (10OX). High power
(450x) was used to confirm the identity of cellular
casts. The total number of casts present in the four
large areas of the chamber was employed as a raw
number in an equation to determine the number of
casts per milliliter of urine:

casts per milliliter = [(raw number)
x (sediment volume)]/[(starting volume) x (0.0036)].

Sediment volume is the volume of the suspended
pellet (usually 1.0 ml), starting volume is the volume
of the sample collected (usually 12.0 ml), and 0.0036 is
the volume of the four counting chambers. All casts
were recorded, but only hyaline and granular casts
were totaled to arrive at the final value, since these
casts appear most useful in the evaluation of proximal
tubular status (11). Cellular casts such as red and
white cell casts were rarely observed in our 154 pa-
tients, and their inclusion would not have altered
results.

All cast counts were performed by two individuals
who were not aware of the clinical status of the pa-
tients. Several times during the study the two individ-
uals cross-checked for accuracy, with good agreement.

Reproducibility in quantitative cast counts de-
pended on the number of casts present in the sample.
Reproducibility was lower below 400 casts per ml, as
the coefficient of variation calculated by counting 15
volumes of the same urine on 5 consecutive days
ranged from 75% below 400 casts per ml to 12% above
500 casts per ml.

Chi-square, two-tailed unpaired Student's t tests,
and two-way analysis of variance were employed to
test the significance of our findings.

In this study, results of cast counts were not em-
ployed to make therapeutic decisions regarding ami-
noglycoside dosing or discontinuance.

RESULTS
Clinical comparisons of patient groups.

Clinical characteristics of the three groups are
summarized in Table 1. Only body weight dif-
fered significantly among the three groups. By
chi-square analysis, the three groups of patients
did not differ in the following conditions: CHF,
diabetes, gastrointestinal bleeding, pneumonia,
shock, positive blood cultures, malignancy, as-
sisted ventilation, or mortality.
Serum creatinines and cast counts of the three

groups are shown in Table 2, with results ex-
pressed as both absolute values and percent
change from base-line values. Base-line serum
creatinine did not differ among groups, and pa-
tients in both nontoxic and control groups re-

VOL. 16, 1979



ANTIMICROB. AGENTS CHEMOTHER.

TABLE 1. Clinical characteristics of the patient population

No. of pa- Duration of Total dose given Concurrent di-
Patient group tients Age (yr)" Sex (% male) Wt (kg)" treatment (mg), uretics (%)n ~~~~~~~~~~~~~(days)'
Control 30 67 ± 11 59 78 ± 18 NAb NA 69
Nontoxic 94 63 ± 15 60 67 ± 14c 9 ± 7 1,508 ± 1,250 58
Nephrotoxic 30 65 ± 19 77 64 ± 15d 10 ± 6 1,980 ± 2,423 65

a Values given as mean ± SD.
b NA, Not applicable.
e Indicates significant difference (P < 0.05) versus control group.
dIndicates significant difference (P < 0.01) versus control group.

TABLE 2. Serum creatinines and cast counts in the patient groups

Serum creatinine (mg/dl ± SD) % Change in serum
PatientNo.ofpa-SD)_____________________ %creatinine (± SD) 5-Day cast

Patient No. ofpa-counts (mean
group tients bBaseline" Day + Highest cre- Day +1 Highest value ± SD)Baseine' ay +1 atinine Da 1 change

Control 30 1.2 ± 0.8 1.3 ± 1.0 1.6 ± 1.6 2.0 ± 26 9.7 ± 23 44 ± 51
Nontoxic 94 1.7 ± 1.6 2.0 ± 1.8 2.0 ± 1.8 17 ± 45 30 ± 40" 153 196d
Nephrotoxic 30 1.6 ± 0.9 2.5 ± 1.0 3.2 ± 1.7" 68 ± 65 118 ± 108e 625 ± 364e

a Base-line values represent the day of ICU admission in control patients, and the day treatment started in
nontoxic and nephrotoxic patients.

b These values represent the day after ICU admission in control, 1 day after the last dose in nontoxic, and 1
day after the first creatinine increase in nephrotoxic.

c Mean ± SD cast count for the first 5 days in ICU (control group), last 5 days of treatment (nontoxic group),
and last 5 days before creatinine rise (nephrotoxic group).

dSignificant difference (P < 0.01) versus control group.
Significant difference (P < 0.01) versus nontoxic and control groups.

mained within the criteria for stable renal func-
tion. However, nontoxic patients had a slightly
greater average creatinine increase within the
nontoxic limits. The 30 nephrotoxic patients by
definition had greater creatinine increases than
nontoxics during therapy, and, in most cases,
creatinine continued to rise for several days after
the last dose. Measured creatinine clearances
changed in inverse proportion to changes in
serum creatinines. Incomplete 24-h urine collec-
tions occasionally caused fluctuations in mea-
sured creatinine clearances. Thus, we found
daily use of serum creatinine more useful for
monitoring these drugs once base-line function
was established from a 24-h urine collection.
Cast counts in patient groups. 'l'he cast

counts of these 154 patients are also shown in
Table 2. Mean cast counts are given for the first
5 days in the ICU for the control group, the last
treatment days for the nontoxic group, and the
last 5 days before serum creatinine rose in the
nephrotoxic group. Cast counts differed signifi-
cantly among the three groups, counts were
higher in nephrotoxic than in nontoxic patients,
and in both groups urinary casts exceeded those
found in control patients.

Figure 1 shows the mean + SD cast counts on
each day for the 94 nontoxic patients given the
four aminoglycosides. Over the entire study pe-

riod illustrated in Fig. 1, the mean ± SD counts
were stable and averaged 118 ± 186 casts per ml.
This value is lower than the value observed in
the last 5 days of therapy, 153 ± 196 casts per
ml (Table 2). In the 30 control patients, the cast
count averaged 44 ± 51 casts per ml during the
ICU period. The control and nontoxic groups
differed significantly (P < 0.01) in these average
values, perhaps due to mild aminoglycoside
renal effects not sufficiently damaging to raise
serum creatinine in nontoxic patients, or possi-
bly effects related to the more severe infections
present in aminoglycoside-treated patients.

In spite of the fact that cast counts clearly
distinguished between the nephrotoxic, non-
toxic, and control patient groups, the cast counts
did not demonstrate any average differences
among the four aminoglycosides used in this
study (Fig. 2). A crossover study to assess com-
parative drug toxicity was not done.

Figure 3 compares the daily cast counts be-
tween the 94 nontoxic and 30 nephrotoxic study
patients. Each point is the mean ± SD of all cast
counts performed that day. When the cast
counts of the 30 nephrotoxic patients were syn-
chronized in relation to the treatment day that
creatinine first rose, all nephrotoxic patients had
elevated cast counts preceding serum creatinine
rises. The cast counts rose significantly
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above mean values in the nontoxic patients as
early as 9 days before creatinine rose. AU pa-
tients who later developed a rise in serum cre-
atinine had at least three daily cast counts above
500. This pattern was never observed in nontoxic
patients, even though nontoxic values occasion-
ally exceeded 500 casts on a single determina-
tion.
A two-way analysis of variance was performed

to test the interaction of cast counts between
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nontoxic and nephrotoxic groups as a function
of time. Over the analysis period of 16 days on
either side of serum creatinine rise, there was a
significant interaction (P < 0.01) between cast
excretion and time, indicating that these two
groups diverged as a function of time. The
two-way analysis of variance also showed differ-
ences between nontoxic and toxic groups (P <
0.01), as well as differences between days (P <
0.05). When t tests were performed to determine
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FIG. 1. Cast counts (mean ± SD) in 94 aminoglycoside-treated patients who were not nephrotoxic. Counts
represent the total granular and hyaline counts and are expressed as casts per milliliter of unspun urine
plotted versus time. Each point represents mean ± SD of all patients on each day.
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FIG. 2. Mean cast counts for nontoxic patients given each aminoglycoside plotted as a daily value. SD
values were similar between drugs and were excluded for clarity in presentation of the daily values. The 30
nephrotoxic patients were also excluded before preparing this figure. There were no significant differences
between the four aminoglycosides by Student's t test.

471VOL. 16, 1979



ANTIMICROB. AGENTS CHEMOTHER.

51 10 15 20 25 30 3

-25 -20 -1 -10 -5 0 +1b
TIME, days

FIG. 3. Cast counts of30 nephrotoxic patients (0) compared with 94 nontoxicpatients (0). The nephrotoxic
patients were illustrated on the lower time scale (day 0 is day of first creatinine increase) to achieve
synchronization. This was required because day of first creatinine rise differed between patients. Vertical
bars represent ± I SD from the mean of all patients on the study day. Statistical differences are shown as:
* = P< 0.05; ** =P< 0.01.
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the day of first significant cast elevation, this
difference was first apparent 9 days before cre-
atinine rose and continued until day 0 (Fig. 3).

Figure 3 also demonstrates that the cast
counts dropped to normal in nephrotoxic pa-
tients shortly after serum creatinine began to
rise. This effect was noted whether aminogly-
coside dosing was continued, stopped, or contin-
ued at a reduced dosing rate in response to
changing serum creatinines.

DISCUSSION
Although the package inserts for all available

aminoglycosides recommend urinalysis as a
means of monitoring therapy, this technique has
apparently received little attention. Indeed, ex-
cept for occasional diagnostic use of 12 or 24
Addis counts (1), quantitative cast excretion has
not been clinically employed. Major reasons for
the general neglect of urinalysis probably stem
from the difficulties encountered standardizing
the test and the fact that many clinical insults
increase cast excretion in ICU patients. This
predictable absence of diagnostic specificity is a
major reason why urinary casts are seldom
looked for in critically ill patients. Our results do
not establish a high cast count as specifically
diagnostic of aminoglycoside nephrotoxicity but
clearly demonstrate that an elevation in cast
excretion provides 5 to 9 days of warning to
adjust aminoglycoside dosage or intervene and
combat other renal insults. In this manner, use
of casts can be an effective early marker of renal
tubular damage regardless of its specific cause,
and lack of diagnostic specificity presents only
minor problems.
Although clinical laboratories have been re-

luctant to employ this technique because it is
difficult to automate, interest in the use of casts
as a diagnostic method has been increasing (4,
12), and it is probable that application of this
test to the serial monitoring of renal tubular
status may also become popular. A cast count
can be rapidly performed with a hemacytometer,
a microscope, and minimal instruction, estab-
lishing rapid turnaround time and negligible ex-
pense as two major advantages over other com-
monly used aminoglycoside monitoring tech-
niques. Although frequent and probably daily
cast counts are needed to provide meaningful
data, this disadvantage is also inherent in the
use of serum creatinines, aminoglycoside serum
levels, urinary enzymes, and urinary 8?2-micro-
globulin. When compared with fl2-microglobulin
and urinary enzymes, cast counts have a clear
advantage in that they apparently can be per-
formed on a random urine, provided that a con-
centrated and acidic urine specimen is collected.

In view of their speed and low cost, cast counts
can logically serve as a screening method to
identify patients who should also have the more
expensive aminoglycoside blood level measure-
ments. However, before cast counts are widely
employed and again misunderstood, we empha-
size that they are essentially useless and poten-
tially misleading if done only after serum creat-
inine begins to rise above base line. For unknown
reasons, casts disappear from the urine as serum
creatinine begins to rise, perhaps because dam-
aged and nonfiltering nephrons do not produce
them or stasis prevents their excretion. In addi-
tion, because other insults also transiently ele-
vate cast excretion (5, 13), it seems prudent to
document at least three successive cast counts
above 500 before concluding that serious damage
has occurred. Finally, since we did not use cast
counts to make clinical decisions, a prospective
study will be required to determine whether
decreasing aminoglycoside dosages in response
to elevated cast counts will prevent or minimize
the resulting creatinine rise. Indeed, since casts
in the urine indicate that some damage to renal
tubules has already occurred, it remains to be
prospectively determined whether even this
early intervention can benefit these critically ill
patients.
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