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A B S T R A C T An experimental model was designed to
study the ability of antibiotics to enter the pericardial
compartment. Noninfected and infected pericardial fluid
and serum antibiotic activities were determined in adult
mongrel dogs before and at intervals after antibiotic
administration. After the administration of penicillin G,
methicillin, cephaloridine, streptomycin, or gentamicin,
clinically adequate antibiotic levels in the noninfected
pericardial fluid were obtained within 1 h, and these
levels approached or exceeded the serum levels within
2-4 h. Antibiotic levels obtained from infected dog per-
icardial fluids were higher than those from noninfected
animals. Patients' serum and pericardial fluid antibiotic
levels were measured after penicillin G, penicillin V,
cephalothin, and gentamicin administration. We have
found, both ifi the canine and human studies, that peri-
cardial antibiotic levels taken at least 2 h after antibiotic
administration are almost identical to those in the blood.

INTRODUCTION
Antimicrobial therapy of bacterial pericarditis with or
without surgical drainage has successfully cured this
infection, often lethal in the preantibiotic era (1). In-
formation on the entry of antibiotics and other sub-
stances into the pericardial sac is scarce. Stewart, Crane,
Dietrick injected phenolsulfonphthalein and vital red
intravenously and failed to recover these dyes in the
pericardial fluid of a patient with tuberculous pericarditis
(2). Ory, Meads, Brown, Wilcox, and Finland (3)
demonstrated penicillin -in the pericardial fluid after in-
tramuscular administration in a patient with strepto-
coccal purulent pericarditis. Wolfe, Lepper, Caldwell,
Spies, and Dowling (4) reported pericardial chlortetra-
cycline levels to be 5-200% that of serum in two pa-
tients. Geraci, Heilman, and Nichols demonstrated sig-
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nificant vancomycin levels in pericardial fluids of 14
patients (5). Riff and Jackson (6) found pericardial
gentamicin levels to be half of the serum concentration in
a patient. Serial studies to determine the rate of entry
of antibiotics into pericardial fluid are not available in
the literature.

A review of purulent pericarditis by Boyle, Pearce,
and Guze showed that staphylococcus, pneumococcus,
streptococcus, meningococcus, Hemophilus influenzae, and
enteric gram-negative rods were the major causative
organisms in the 425 cases reported in the literature up
to 1959 (1). In the present study, antibiotics frequently
effective against these bacteria and M. tuberculosis were
evaluated by studying the diffusion of antibiotics into
sterile and infected pericardial fluid in a dog model. In
addition, limited serial observations of penicillin, cepha-
lothin, and gentamicin levels in human pericardial fluid
are presented.

METHODS
Experimental model. Adult mongrel dogs were anesthe-

tized with 25.0 mg/kg of sodium pentobarbital intramuscu-
larly. With aseptic surgical techniques, the chest was opened
on the left side at the fourth intercostal space and the
pericardial sac was entered through a stab wound. The
proximal end of a green Kifa catheter (United States
Catheter & Instrument Co., Glen Falls, N. Y.) was inserted
into the pericardial cavity. The catheter was filled with
heparin (500 U/ml), and the distal end closed with Luer-
lock Plug (Becton-Dickinson & Co., Rutherford, N. J.)
and buried under the skin. After 7 days, the dogs were
anesthetized in a similar manner and the pericardial cath-
eters were re-exposed through a small skin incision. The
pericardial fluid was removed and the pericardial sac
washed once with 75-100 ml of sterile isotonic saline. The
catheter was clamped after the reinjection of 75-100 ml
of saline into the pericardial space. After 1 h, 10 ml
of blood was drawn and simultaneously 10 ml of fluid from
the pericardial sac was removed from the catheter as the
preantibiotic sample, and the test antibiotic was adminis-
tered intramuscularly. At 30 min, 1, 2, 3, 4, 5, and 6 h,
samples were obtained from the pericardial catheter and
simultaneous blood samples collected from the femoral
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TABLE I

Pericardial Fluid/Serum Antibiotic Concentration Ratio in Experimental Animals

Hours %
Protein

Antibiotic 1/2 1 2 3 4 bound References

Penicillin G
Noninfected 0.03 0.18 0.49 0.72 0.69 59-65 (9)
Infected 0.23 0.50 1.00 1.6 1.4

Methicillin
Noninfected 0.10 0.31 0.90 1.12 1.21 49 (9)
Infected 1.2 3.5 4.0 * *

Cephaloridine
Noninfected 0.11 0.18 0.74 1.40 1.75 21-24 (10)
Infected 0.47 0.96 0.66 0.88 1.00

Streptomycin
Noninfected 0.05 0.35 1.25 0.93 1.01 30 (11)
Infected 0.36 1.20 1.50 1.70 2.40

Gentamicin
Noninfected 0.57 0.65 1.04 1.32 1.47 0-30 (12, 13)
In fected 1.2 3.4 3.2 * *

* Ratio not computed; serum level 'not detectable by the assay method used.

vein. All samples from pericardial fluid at 0 and 6 h were
blood-tinged and contained less than 2.5 g of protein/100
ml. The serum of the dogs before and, at 6 h after the
administration of antibiotics had creatinine levels from 1.0
to 1.7 mg/100 ml.

To produce infection in the pericardial fluid, 2 ml of S.
aureus 502A suspension (containing 106 colony-forming
U/ml) were instilled into the pericardial sac 1 wk after
the placement of the pericardial catheter. The experimental
animals became ill by the third to the fifth day after the
introduction of the bacteria. On the seventh day, antibiotics
were administered and samples were obtained from the
blood and pericardial fluid as described in the preceding
paragraph. Two animals were infected and studied for each
antibiotic. The pericardial fluid removed before the instilla-
tion of saline had a packed red cell volume of 2.0-3.0/100
ml, and 45,000-374,000 leukocytes/mm' with 70-80o neu-
trophils, and the protein content was between 5 and 6 g/100
ml. Culture of this fluid yielded S. aureus. The fluid from
the pericardial space obtained 6 h after antibiotic instilla-
tion yielded concentrations of 3.0-3.6 g/100 ml. Tissues
obtained from the pericardium of an animal showed dif-
fused polymorphonuclear leukocyte infiltration of the peri-
cardial fat and gram-positive cocci.

Antibiotics. The following antibiotics were given intra-
muscularly to dogs: 15,000 U/kg of penicillin G (E. R.
Squibb & Sons, Princeton, N. J.), 30 mg/kg of methicillin
(Bristol Laboratories, Div. of Bristol-Myers Co., Syracuse,
N. Y.), 10 mg/kg of cephaloridine (Eli Lilly and Com-
pany, Indianapolis, Ind.), 1 mg/kg of gentamicin (Scher-
ing Corporation, Bloomfield, N. J.), and 10 mg/kg of
streptomycin (Eli Lilly and Company.).

Serum and pericardial fluid were assayed for antibiotic
levels by the agar diffusion method of Bennett, Brodie,
Benner, and Kirby, with Bacillus subtilis spore suspension
(Difco Laboratories, Detroit, Mich.) as the test organism
(7). Pooled homologous serum and phosphate-buffered

saline were used for dilution of standards for the measure-
ment of serum and pericardial fluid antibiotic concentra-
tions, respectively.

Patients. Informed consent for the study was obtained
from four patients with pericarditis and persistent reac-
cumulation of pericardial fluid. A catheter was placed in
the pericardial space as a therapeutic procedure to prevent
cardiac tamponade. Patients M. B. and C. T. had chronic
glomerulonephritis, W. L. had tuberculous pericarditis, and
G. W. had metastatic adenocarcinoma. Serum and peri-
cardial samples were obtained before the intramuscular or
oral administration of antibiotics and at different intervals
thereafter.

The samples f rom patients M. B., C. T., and W. L.
were assayed by the two-fold tube dilution method with
Bacillus subtilis as the test organism (8). The samples
obtained from G. W. were assayed with agar diffusion
technique (7).

RESULTS

Animals with noninfected pericardium
Four animals were used for each drug study. Figs.

1-5 present the results of the individual serum and peri-
cardial fluid antibiotic levels as well as the geometric
mean concentrations. The pericardial fluid to serum ratio
(P/S)' during the first 4 h of study is shown in Table

I.
Penicillin G. (Fig. 1, Table I). The mean peak serum

level was reached at 30 min and that of the pericardial
fluid at 2 h after penicillin G administration. During the

1Abbreviation used in this paper: P/S, pericardial fluid-
to-serum ratio.
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FIGURE 1 Serum and pericardial fluid antibiotic levels in
four dogs after 15,000 U/kg of penicillin G intramuscularly.

first 4 h, P/S did not exceed 0.50. At 5 and 6 h, P/S
exceeded 1.00.

Methicillin. (Fig. 2, Table I). At 30 min, the mean
peak serum level was achieved, and that of pericardial
fluid at 2 h. P/S was 0.31 at 1 h and surpassed 1.00 by
3 h.

Cephaloridine. (Fig. 3, Table I). At 1 h, the serum
and pericardial fluid of two dogs were not available for
assay. The peak serum level was attained between 30
min and 1 h. The mean pericardial fluid level peaked at
2 h. Within the first h, P/S was only 0.18, but it ex-
ceeded 1.00 at 3 h.

Gentamicin. (Fig. 4, Table I). The mean peak serum
and pericardial fluid concentration of gentamicin was
reached by 1 h. Unlike the other antibiotics tested in this
study, gentamicin had a P/S greater than 0.50 within
30 min. As with streptomycin, P/S exceeded 1.00 by 2 h.

Streptomycin. (Fig. 5, Table I). Only three animals
were studied with this drug. The mean peak level in the

O I 2 3 4 5 6
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FIGURE 3 Serum and pericardial fluid antibiotic levels in
four dogs after 10 mg/kg of cephaloridine intramuscularly.

serum was achieved at 1 h, and that of the pericardial
fluid at 2 h. In spite of the low P/S during the first h,
the ratio was greater than 1.00 by 2 h.

Animals with infected pericardial fluid
The antibiotic levels in the serum and infected peri-

cardial fluid are shown in Table II. High antibiotic
levels were attained within 30 min to 1 h. Except with
cephaloridine, the antibiotic levels in infected pericardial
fluid were consistently higher than those in uninfected
fluid, hence, there was a higher P/S (Table I).

Clinical studies (Table III)
Three patients were each given 1 million U of peni-

cillin G intramuscularly. W. L., who had normal renal
function, had measurable pericardial fluid antibiotic
levels within 30 min. At 2 h the pericardial fluid peni-
cillin G concentration was one dilution higher than that
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FIGURE 2 Serum and pericardial fluid antibiotic levels in FIGURE 4 Serum and pericardial fluid antibiotic levels in

four dogs after 30 mg/kg of methicillin intramuscularly. four dogs after 1 mg/kg of gentamicin intramuscularly.
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FIGURE 5 Serum and pericardial fluid antibiotic levels in
three dogs after 10 mg/kg of streptomycin intramuscularly.

of the serum. In the two patients (M. D. and C. T.)
with poor renal function (serum creatinine greater than
14 mg/100 ml), penicillin G activity was detected in the
pericardial fluid within 30 min and came to within one
dilution of the serum level in 2-4 h. The pericardial
fluid and serum levels were identical 48 h after anti-
biotic administration. A fourth patient was given genta-
micin; pericardial fluid levels exceeded that of the serum
within 2 h.

On separate occasions, studies of other antibiotics
were carried out. W. L. received 625 mg of penicillin V
orally. The pericardial levels exceeded the serum levels
from 2 h after injection. M. B. was given 250 mg of

cephalothin intramuscularly. At 2-5 h, the serum and
pericardial cephalothin levels were equal.

DISCUSSION
All five antibiotics studied in the experimental model
readily entered the noninfected and acutely infected peri-
cardial fluid compartment and similar results were dem-
onstrated in the patients after a single dose of antibiotics.
In the noninfected pericardial fluid, the peak serum levels
at no time were exceeded by those of the pericardial
fluid. 2 h after antibiotic administration, the pericardial
drug levels approached or exceeded those of the serum
(Figs 1-5 and Table I). The initial lag probably repre-
sents the time necessary for the diffusion of the anti-
biotic across the membrane. The penicillin G and cepha-
loridine levels in the infected fluid did not exceed the
peak serum levels, attained within 30 min. The P/S
ratios of methicillin and gentamicin were greater than
1.0 at 30 min. These findings may be due to the attain-
ment of peak serum levels earlier than 30 min, or to a
sampling error. The higher P/S found in the infected
pericardial fluid may be explained by increased rate of
entry secondary to acute inflammation, or by blood leak-
ing into the pericardial cavity.

Studies of penicillin G levels were extended up to 48
h in the two patients with renal failure. Serum and peri-
cardial fluid levels were essentially similar after equi-
librium was attained. From the studies of the nonin-
fected pericardial fluid, the results indicate that the
entry of the antibiotics into this compartment was by
diffusion rather than active transport.

TABLE I I
Diffusability of Antibiotics into the Infected Dog Pericardial Fluid

Antibiotic levels

1/2 1 2 3 4

Jsg/ml
Penicillin G PCF 2.2 4.0 2.8 2.5 1.6

Serum 9.6 8.0 2.8 1.6 1.1

Methicillin PCF 18.0 21.8 8.4 5.0 *
Serum 14.6 6.2 2.1 < 1.0

Cephaloridine PCF 7.4 14.5 7.3 5.2 3.4
Serum 15.8 15.1 11.1 5.9 3.4

Streptomycin PCF 10.9 35.4 31.6 30.1 22.0
Serum 30.0 29.0 21.0 17.6 9.1

Gentamicin PCF 2.3 3.4 2.59 1.4 *
Serum 1.9 1.0 0.79 <0.4

* Antibiotic level not detectable
fluid.

by the assay method used. PCF, pericardial
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TABLE III
Pericardial and Serum Antibiotic Levels of Four Patients

Serum PCF
Hours antibiotic antibiotic Serum

Patients Diagnosis Antibiotics after levels levels BUN creatinine Other data

W. L. Tuberculous
pericarditis

M. B. Chronic glomerulo-
nephritis

C. T. Chronic glomerulo-
nephritis

W. L. Tuberculous
pericarditis

M. B. Chronic glomerulo-
nephritis

G. W. Metastatic adeno-
carcinoma

Penicillin G 0
1 million U 1/2
i.m. 1

2
4
6

Penicillin G 0
1 million U 1/2
i.m. 1

2
4
6
8

12
24
48

Penicillin G 0
1 million U 1/2
i.m. 1

2
4
6
8

24
48

Penicillin V 0
625 mg orally 1/2

1
2
4
6

Cephalothin 0
250 mg i.m. 1/2

1.
2
3
4
5

Gentamicin 0
1.7 mg/kg 1

2
3
4

jgg/ml
<0.01
12.5
12.5

3.12
0.78
0.4

<0.01
12.5
25.0
50.0
25.0
25.0
25.0
25.0

6.25
0.78

<0.01
12.5
12.5
50.0
50.0
25.0
25.0
12.5

1.56

<0.01
12.5

6.25
1.56
0.20
0.05

<0.01
25.0
25.0
12.5
12.5
12.5
12.5

<0.5
3.8
3.3
1.9
1.5

tgg/ml
<0.01

3.12
6.25
6.25
3.12
0.78

<0.01
3.12
6.25

25.0
25.0
25.0
25.0
25.0

3.12
0.78

<0.01
1.56
3.12
6.25

25.0
25.0
25.0

6.25
1.56

<0.01
0.78
0.20
3.12
1.56
0.40

<0.01
6.25

12.5
12.5
12.5
12.5
12.5

<0.5
3.5
4.0
3.5
2.5

mg/100 ml mg/100 ml
18 1.2 PCF protein

= 6.0 g

116 14.0 PCFspecific
gravity = 1.025

68 16.5 PCF protein
= 3.3g

12 1.3

120 26.8

1.1 PCF protein
-= 7.3 mg/100 ml

PCF, pericardial fluid; BUN, blood urea nitrogen.

As in the studies on uninfected interstitial fluids (14),
the ability of a particular antibiotic to enter the non-
infected pericardium appeared to be related to the per-
centage of antibiotic bound to protein. Penicillin G,
which has the highest percentage of protein binding
among the five antibiotics studied, was found to have
the lowest P/S ratio. In contrast, cephaloridine, strepto-
mycin, and gentamicin, which are less protein-bound,
had the higher P/S ratio. This relationship was not ob-
served in the infected pericardium, where the protein
content was higher. The antibiotics, except cephalori-
dine, were observed to enter more readily.

This study shows that measurable levels of antibiotics
can be attained in acutely infected and noninfected peri-
cardial fluid after intramuscular drug administration.
Attainable penicillin, methicillin, and cephalosporin lev-
els in the serum and pericardial fluid were far above
the minimal inhibitory concentration for the growth of
majority of gram-positive cocci (staphylococcus, pneu-
mococcus, and streptococcus) (15). The mean peak gen-
tamicin level after the administration of 1 mg/kg in the
infected and uninfected dogs was close to the cut-off
point between microbial susceptibility and resistance
(5 /ug/ml) (16). If 1.5-2 mg/kg of gentamicin is given,
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higher serum levels can be expected. Streptomycin lev-
els obtained in the infected and uninfected dogs were
much higher than those needed to inhibit sensitive
strains of Mycobacterium tuberculosis (16). Serum ob-
tained at least 1-2 h after antibiotic administration con-
tained drug concentrations closely approximating that
found in the infected pericardial fluid for all the anti-
biotics studied. In clinical situations, assay of serum
levels of these antibiotics can be used to estimate whether
or not the pericardial fluid concentration of the anti-
biotic is likely to be at a bactericidal level.
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