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ORIGINAL ARTICLE

Bacterial and fungal colonization
and infections using oral selective bowel
decontamination in orthotopic liver

transplantations

Abstract Bacterial and fungal infec-
tions are a major cause of morbidity
and mortality after orthotopic liver
transplantation. In the immunocom-
promised host, infections are
thought to arise from the gut, which
is almost always colonized with
potential pathogens. Using oral se-
lective bowel decontamination
(SBD), potential pathogens can be
eradicated from the gut and infec-
tions prevented. In this catamnestic
study we have reviewed gastrointes-
tinal colonization, bacterial and fun-
gal infections, and bacterial resist-
ance to standard antibiotics in our
first 206 liver transplant patients
while under SBD. With few excep-
tions, gram-negatives were eradi-
cated from the gastrointestinal tract
and secondary colonization was in-
hibited. In spite of unsatisfactory
elimination of Candida, probably be-
cause nystatin doses were too low,
Candida infections were rare (n =4)
and none was fatal. One and two-

year survival rates were 93 % and

92 %, respectively. The bacterial and
fungal infection rate was 27.8 % with
an infection-related mortality of
1.95 %. Infections with aerobic gram-
positive bacteria prevailed and only
11 gram-negative and 11 fungal in-
fections occurred; among the latter,
Aspergillus and Mucor were the
most serious and responsible for
three of the six deaths in this series.
With regard to the development of
resistance, we found an increasing
number of enterococci and coagu-
lase-negative staphylococci resistant
to ciprofloxacin and imipenem, re-
spectively, but unlikely as a conse-
quence of SBD.

Key words Selective bowel
decontamination, liver
transplantation - Liver
transplantation, selective bowel
decontamination - Infections, liver
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decontamination

Introduction

Orthotopic liver transplantation (OLT) is approaching
its fourth decade of clinical practice and the number of
centers performing OLT has grown tremendously. Im-
provements in all domains related to OLT have resulted
in steadily increasing survival rates. This, in turn, has
made doctors less reluctant to refer for transplantation
patients whose general condition is still reasonably good,
and the timing of transplantation is by now well estab-
lished in most liver diseases. Former obstacles such as

prolonged operating time, excessive blood loss, and an-
astomotic complications — known to invoke bacterial and
fungal infections — have been overcome gradually over
the years. Severe graft dysfunction caused by untreatable
rejection or unsatisfactory preservation has become less
frequent, reducing the number of retransplantations —
another major risk factor. In addition advanced perioper-
ative management has reduced the time needed for
mechanical ventilation and the number of i.v. lines re-
quired, thereby reducing the risk for respiratory and
other infections.
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Table 1 Indications for 206 transplantations

Acute hepatic failure 17
Postnecrotic cirrhosis (Hepatitis B) 46
Postnecrotic cirrhosis (non-A, non-B hepatitis) 49
Alcoholic cirrhosis 21
Primary biliary cirrhosis 16
Primary sclerosing cholangitis . 11

Secondary sclerosing cholangitis
Alpha-1-antitrypsin deficiency
Porphyria

Hemochromatosis

Wilson's discase

Autoimmune cirrhosis
Budd-Chiari syndrome
Polycystic liver disease
Hepatocellular carcinoma

Bile duct carcinoma

Carcinoid mctastasis
Retransplantations

N = = GO ~Jtototyo — 12

By gradually reducing all of these potential hazards, 1-
year survival rates have passed the 80% level in many
centers. Nevertheless, the early down turn in survival
curves — albeit less steep — remains, indicating the critical
period of the procedure. Bacterial — especially gram-ne-
gative — and fungal infections are now a major cause of
morbidity [8] and contribute notably to post-transplant
mortality. Stoutenbeek et al. have shown in patients from
a general intensive care unit that the majority of these in-
fections arise from the endogenous microflora of the oro-
pharynx and the gut and that the elimination of these
potentially pathogenic orgahisms reduces the incidence
of infections [12]. According to the concept of selective
bowel decontamination (SBD), the anacrobic flora re-
mains unaffected, while gram-negative acrobic bacteria
and Candida are selectively eliminated from the patient’s
gastrointestinal tract. The original Stoutenbeek et al.
SBD was first adopted for liver transplant patients by the
Mayo Clinic, and encouraging results indicating the effi-
cacy of SBD in reducing severe infections were reported
[13]. Reports from other teams using SBD in OLT are
scarce [3, 4] and, most likely because of concern about the
emergence of resistance to antibiotics, SBD is not rou-
tinely used in OLT.

We started our liver transplant program in 1988 using
SBD to prevent infection, and in this catamnestic and un-
controlled study we analyzed our experience in 206 conse-
cutive liver transplantations. Colonization, along with
bacterial and fungal infections, during the patients’ first
hospital stay after transplantation are reported. In addi-
tion, the development of resistance to standard systemic
antibiotics was monitored.

Patients and methods

Data were collected prospectively on data tables and screens of our
liver transplant software (Proton). Data not included in the liver
transplant software were taken from paticnts’ charts.

From October 1988 through October 1991, 206 OLTs were per-
formedin 191 adults. Eleven paticnts needed asccond and twoa third
transplantation. The major indications for liver 1ransplantallon are
listed in Table 1. The observation time reported herc comprises the
initial hospital stay, at the very lcast the 1st postoperative month.

Standard surgical techniques were applied, with the exception of
side-to-side instead of end-to-end bile duct anastomosis [9], using
venovenous bypass routinely. With very few exceptions, University
of Wisconsin (UW) solution was used for donor organ preservation.

The median donor organ preservation timec was 10 h (range 2-
27 h). The medians (and ranges) for intraoperative blood product
use were: (a) red blood cells: 7 (0-45) units, (b) fresh frozen plasma:
8 {0-55) units, and {c) platelets: three cases with one unit cach. The
medians (and ranges) for blood product uséjm the first 24 h post-
transplantation were: (a) red blood cells: 2 (0-21) units, (b) fresh
frozen plasma: 5 (0-20) units, and (c) platelets: two cases with one
and two units, respectively. The median operating time was 357 min
(rangc 188-720) min}).

In the first 70 patients, immunosuppression was started as quad-
ruple therapy including RATG (Frescnius, Germany). cyclospo-
rin, azathioprine, and prednisolone; RATG was later discontinued.
In 35 paticnts, a monoclonal interleukin-2 receptor antibody (IL-
2R-AB;BT 563, Biotest, Germany) was used instead of RATG. The
remaining 86 patients were included in a prospective, randomized
study comparing FK 506 plus prednisolonc with our standard quad-
ruple therapy. Rejection therapy included a bolus dose of steroids
and OKT3 (Cilag, Germany) when necessary.

SBD was initiated with an active donor scarch and continucd un-
til 3 weeks after liver transplantation. While intubated, the paticnts
received the SBD suspension through the nasogastric tube. Oro-
base, a paste containing gentamycin, polymyxin, and nystatin, was
applied to the oropharynx beginning with the operation and also
continuing for 3 wecks. Prophylactic systemic antibiotic coverage
with cefotaxime, tobramycin, and metronidazole was administered
immediately prior to operation and continued for 48 h thereafter. In
cases with more than one reoperation for. complications after the
transplant procedure, systemic antifungal prophylaxis with fluona-
zol was added empirically. Detailed information is given in Table 2.

All paticnts received continuous enteral feeding (Fresubine,
Fresenius, Germany) through a feeding tibe for 12 days starting as
soon as gut function resumed after the transplantation, usually by
the 2nd postoperative day. Besides this regimen they were allowed
to eat frecly, while following a low bacterial diet, as proposed by
Wiesner et al. [13].

Bacterial and fungal colonization of the throat, bile, and gastro-
intestinal and surgical tracts was closely monitored. Screening sam-
ples were taken prior to starting SBD, every 2nd day during the st
week after transplantation, and biweekly thereafter. Additional
samples [rom other sites were taken when clinically indicated. Or-
ganisms were cultured and identified using standard microbiological
techniques. Sensitivity to the most commonly used systemic antibio-
tics in our program (vancomycin, cefotaxime, tobramycin, ciproflo-
xacin, and imipenem) was determined using the disc-diffusion tech-
nique (Biotest, Germany).

In this study, throat and rectal swabs taken before SBD, as well
as on days 7 and 21 post-transplantatiqn, were analyzed for evalu-
ation of colonization. Only ca$$ with completely available data were
included. Patients referred to us who were already on SBD (an in-
creasing number) or any lost protocol result prompted exclusion
(79 patients).
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Table 2 Topical and systemic
infection prophylaxis

Selective bowel decontamination:

Decontamination of the gastro-
intestinal tract

Polymyxin B 100 mg
Tobramycin 80 mg

Nystatin 500.000 U

as oral suspénsion 4 times per day

Decontamination of the
oropharynx

Polymyxin B (2%),

Tobramycin (2% ) and
Amphotericin B (2% ) as a paste
(Orobase)

V4 g, 4 times per day

Systemic antibiotic administra-
tion:

Cefotaxim4x1g

Tobramycin 3 x 40 mg
Metronidazol 2 x SO0 mg

from OLT until 48 h after OLT

Table 3 Infections

Septicemia 8
Pneumonia 8
Cholangitis 26
Abdominal abscess 2
Wound infection 6
Urinary tract infection 14
Bronchitis 2
Unknown infection 2
Total 68
Taple 4 .Orgamsms leading Gram-positive bacteria  (n =40)
to infection Enterococci 29
Staphylococcus aureus 7
Coagulase-negative sta-
phylococci
Streptococcus viridans
Nocardia

Gram-negative bacteria  (
Pseudomonas aeruginosa
Enterobacteriaceae
Legionella pneumophilia

—_— S =
1l
—_
—_
-

Fungi (n=11)
Aspergillus 6
Candida 4
Mucor 1
Unknown organism 6

For monitoring resistance to antibiotics only organisms present
and sensitive prior to SBD and becoming resistant under SBD in
the same patient were counted. We also examined the selection of
resistant organisms in three equal, successive patient groups:
group A, OLTs 1-68; group B, OLTs 69-137; and group C, OLTs
138-206. The proportions of resistant organisms in each group
were compared.

Infections and contaminations were registered and distin-
guished, applying modified definitions as proposed previously by
other authors [6, 10]:

1. Sepsis: positive blood culture and three symptoms of a severe
general infection (body temperature above 38.5°C, pulse

> 100 c¢pm, drop in systolic blood pressure below 90 mm Hg, leuko-
cyte count > 10000 or < 4000)

2. Septic syndrome: three or more of the above listed symptoms
without positive blood cultures

3. Contaminations of blood culture: positive culture without other
signs of infection

4. Abdominal abscess: collection of pus with positive culture
5. Wound infection: local signs of infection and positive culture

6. Pneumonia: new infiltration on chest x-ray in combination with
new respiratory symptoms or hypoxemia with or without positive
culture

7. Cholangitis: fever in combination with positive bile culture and
either elevated stasis enzymes or histological cholangitis in biopsy
specimens, or both. Or stasis enzymes with histological evidence of
cholangitis together with fever despite sterile bile

8. Colonization of bile: positive culture in at least two succeeding
samples but without clinical, histopathological, or laboratory find-
ings

9. Contaminated bile sample: singular positive culture without
symptoms

10. Cystitis: positive culture with bacteriuria of at least 100,000 bac-
teria or yeasts in two consecutive samples or, in the presenc’e— of typi-
cal symptoms of urinary infections, one positive culture of at least
100,000 isolates

Statistical analysis was carried out using the McNemar and the Yates
chi-square tests. A Pvaluelower than0.05was consideredsignificant.

Results

Survival

The actuarial 1-year survival rate for all patients was 93 %
and the actual rate for the 127 included in the study was
92.1%. Three recipients died within the 1st month and
three others within the ensuing weeks of their initial hos-
pital stay. Thus, a total of six patients died in the early
postoperative period, resulting in a 3-month survival rate
0f97.6%.

Gastrointestinal colonization (Tables 3 and 4)

Data from 127 (62%) transplants were complete.
Seventy-nine had to be excluded, invariably because pre-
SBD data were lacking.

Colonization of the oropharynx

All potentially pathogenic gram-negatives found before
SBD were eradicated by the 1st week post-transplanta-
tion. In two patients two newly acquired gram-negatives
were detected in the 3rd week. Likewise, the presence of
the nonpathogen Neisseria and streptococci dropped sig-
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TableS Bacterial colonization. ”

* P < 0,05 compared with n=127 Oropharynx Rectum

rate prior to SBD Organism Prior Under SBD Prior Under SBD

©0SBD yeek 1 Week3 ©SBD  Week 1 Week 3

E. coli 5 94 6* 9%
Klebsiella 3 2
Proteus 1 3
Pseudomonas 1 2 1 1
Serratia 1
Enterobacter 1 1 5 2 1
Citrobacter 1 1
Acinetobacter 1 2
Himophilus 1 1
Bacteroides 1
Gram-negative total 10 0* 2% 102 11* 13*
Coagulase-negative staphylococci 21 97* 84* 43 116*  115*%
Enterococci 7 50%* 52% 101 121%  115%
Other streptococci 112 37%* 39* 8 1
Staphylococcus aureus 13 2* 6 1
Corynebacteriaceae 1 4 1
Gram-positive total 123 127 127* 117 127%  127*
Nonpathogenic
Neisseria 84 22% 19*

nificantly, albeit not to zero. On the other hand, a signifi-
cant increase in growth of coagulase-negative staphylo-
cocci (fourfold) and enterococci (sevenfold) was moni-
tored. Staphylococcus aureus showed a different pattern
of existence under SBD: in the 1st week, the number of
positive cultures dropped significantly from 13 to 2; yet, in
the 3rd week, 6 positive cultures were found again. Inter-
estingly, in only 2 of the initially 13 Staphylococcus aureus
carriers cleared by SBD did staphylococci reappear. Four
of the six staphylococci found in the 3rd week post-trans-
plantation were cultured in throat swabs from patients
initially free of staphylococci and thus had to be regarded
as newly acquired. Fifty-three (41.7% ) of the pre-SBD
throat cultures were positive for Candida. Although signi-
ficantly reduced in the 1st week (to 27, or 21.2 %), they
could not be eliminated, and by the 3rd week post-trans-
plantation the figure rose again to 36 (28.3 % ). Fourteen
of these 36 positive cultures came from patients whose
throats had been free of Candida prior to starting SBD.

Rectal colonization

Gram-negatives were reduced significantly from 102 posi-
tive cultures to 11 by the 1st week and to 13 by the 3rd
week post-transplantation. In 2 of 94 patients with E. coli
pre-SBD, the organism persisted through the 3rd week. In
three additional patients, E.coli was eliminated only by
the 2nd week, and in six patients E. coli reappeared by the
3rd week. In contrast to gram-negatives, both coagulase-
negative staphylococci and enterococci increased signifi-

cantly from 43to 116 and 115, and from 101 to 121 and 115
pre-SBD, 1st week, and 3rd week post-transplantation,
respectively.

Candida growths in rectal swabs did not vary signifi-
cantly, the figures for pre-SBD, 1st, and 3rd week post-
transplantation being 20 (15.7%), 24 (18.9%), and 12
(9.4 %), respectively. Eleven of 20 patients had Candida
throughout the entire SBD treatment, and in 18 who were
previously free of it, Candida was newly acquired under
SBD.

Infections

A total of 68 bacterial or fungal infections pccurred in
57 patients. One patient died intraoperatively due to
heart failure and was therefore exéluded from the study.

The bacterial and fungal infection rate was 27.8 % with
an average of 1.2 (maximum 3) infections per patient.
Four infections (three fungal) were fatal, resulting in an
infection-related mortality, of resulting in an infection-
selected mortality of 1.95%.

Spectrum of organisms

Infections with aerobic gram-positive bacteria — espe-
cially with enterococci — dominated, and in only 11 infec-
tions was a gram-negative to blame. The most serious in-
fections were caused by fungi. Of 11 fungal infections, 3
were fatal (1 mucormycosis, 2 Aspergillus ) whereas 7 re-
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Table 6 Yeast colonization. * P <0.05 compared with rate prior to
SBD

Oropharynx Prior Under SBD
to SBD Week 1 Week 3
Colonized patients 53 27* 36*
(%) 41.7 % 21.2% 283 %
Rectum Prior Under SBD
toSBD Week 1 Week 3
Colonized patients 20 24 12
(%) 15.7% 18.9% 9.4%
Table 7 Organisms causing sepsis
OLT no. Organism Comments
3 Coagulase-negative staphylococci  Endocarditis
9 Streptococcus, viridans
17 Mucor Lethal
36 Staphylococcus aureus Lethal
38 Pseudomonas
59 Aspergillus Lethal
123 Aspergillus Lethal
169 Enterococci
Table 8 Bile cultures
Organism Cholan- Colo- Contami-
gitis nization nation
Enterococci 15 15 8
Coagulase-negative staphylococei 1 5 14
Staphylococcus aureus 1 - 3
Streptococci - - 1
E.coli - 2 4
Acinetobacter 1 - 1
Enterobacter - - 2
Pseudomonas 2 - 2
Morganella - 1 -
Candida - 1
Torulopsis glabrata - 1 -
Total 20 25 35

spiratory and 1 urinary tract fungal infections healed
under treatment.

The spectrum of organisms causing infections is de-
tailed in Table 5.

2

Infect localizations (Table 3)

Sepsis or septic syndrome was diagnosed in eight patients
(3.9% ). Four of them subsequently died, one with Staphy-
lococcus aureus on blood culture and three with fungi
(two Aspergillus, one mucormycosis), two of the latter as-
sociated with pneumonia. One case of sepsis with coagu-
lase-negative staphylococcus was complicated by endo-
carditis (Table 7). Another 13 positive blood cultures

were registered in ten patients. However, clinical symp-
toms were missing in these cases and the specimens were
therefore considered contaminatéd only.

Eight patients developed pneumonia, the organisms
responsible being Aspergillus (n =3), Candida (n =2),
mucormycosis (# = 1), Pseudomonas (n = 1), and Legio-
nella (n =1). Enterococci were cultured in two cases
along with Candida. All necessitated mechanical ventila-
tion. Two of these patients died, one of whom with mucor-
mycosis, the other with Aspergillus.

Furthermore, two cases of purulent bronchitis were
segn; one was caused by Candida, the other by Aspergil-
lus. Both infections responded to treatment without pro-
gressing into pneumonia.

Only two patients developed an abdominal abscess,
both of which were prompted by a leaking bile duct anas-
tomosis (one duct-to-duct, the other hepaticojejunos-
tomy). Both needed reoperation and were subsequently
cured.

Cholangitis aas diagnosed in 26 patients (12.6% ),1in 6
of whom no organism was found. In another 19 cases, bile
cultures were positive more than once and without symp-
toms of cholangitis; their biliary system was thus regarded
as colonized without infection. Simple contamination was
found in another 29 patients whose bile culture was posi-
tive only once.

In Table 8 the spectrum of organisms found on bile cul-
tures is outlined. Interestingly, patients with choledocho-
jejunostomy were significantly more prone to develop
cholangitis than patients with duct-to-duct anastomosis

(6/13vs20/192; P < 0.05).

Six cases with wound infection had to be treated. Three
times the laparotomy, once the thoracotomy, and twice
the vascular access wound in the groin became infected.
Five times staphylococci and once enterococci were to be
blamed. They all healed after appropriate treatment.

Fourteen female recipients developed cystitis during
their postoperative course. Four were infected with gram-
negatives (one E.coli, one Citrobacter, two Pseudomo-
nas ), one with Candida, and the regmaining nine with en-
terococci.

Finally, two skin infections required diagnosis and
treatment. In one case Nocardia was found on skin biopsy
from a superficial infiltrate; it responded quickly to sul-
fonamide treatment. The other developed a skin abscess
with Staphylococcus aureus. It was not related to a surgi-
cal wound and healed promptly after incision.

Resistance to antibiotics

Because of our restrictive definitions and the reliable ef-
fect of SBD on most gram-negatives, resistant organisms
totaled only 96, with coagulase-negative staphylococci
and enterococci prevailing. The few residual gram-nega-
tives remained sensitive (Table 9).
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Table 9 Newly resistant or-

ganisms in the 3rd week after Organism n Resistant to:
OLT under SBD ' Tobra- Cefo- Cipro- Vanco-  Imi-
mycin taxim floxacin  mycin penem
Coagulase negative staphylococci 39 2 2 8 - 3
Staphylococcus aureus 2 1 - - - -
Enterococci 48 1 2 5 -~ 7
Enterobacteria 7 - - - - -

Table 10 Proportions of resistant coagulase-negative staphylococci
and enterococci in three time periods represented by three equal
successive patient groups. Res, Number of resistant organisms; #,

number of organisms tested; A, B, C, three equal, successive patient
groups. * P <0.005

FRER SR TUVE ¥

I

!

Staphylococci

Antibiotic A B C A. B C
Res n Res n Res n [ (%) (%)

Tobramycin 40 46 8 9 - - 87.0 88.9

Cefotaxime 8 49 3 11 - - 16.3 273

Ciprofloxacin 17 49 23 31 12 23 34.7 74.1 522

Vancomycine 1 41 0 36 0 25 25 0 0

Imipenem 2 48 3 36 6 25 42 8.3* 24.0*

Enterococci

Antibiotic A B C A B C
Res n Res n Res n (%) (%) (%)

Tobramycin 36 38 9 10 1 1 94.7 90.0

Cefotaxime 33 40 10 11 1 1 825 90.9

Ciprofloxacin 5 40 13 30 15 33 12.5 43.3% 45.5%

Vancomycine 4 28 0 31 0 34 14.3 0 0

Imipenem 7 39 7 34 9 25 17.9 20.6 36.0

Only coagulase-negative staphylococci and enterococ-
ci were found in sufficient numbers to be tested for selec-
tion of resistant organisms with the ongoing use of SBD.
Proportions of coagulase-negative staphylococci and en-
terococci resistant to imipenem and ciprofloxacin, respec-
tively, grew significantly in the course of the three time
periods represented by three equal, successive patient
groups (Table 10).

Discussion

In this study, we confirmed that treatment with SBD
eradicates gram-negative bacteria from the oropharynx
and significantly reduces them (tenfold) in the rectum.
These observations are in accordance with figures found
by others using SBD in liver transplant patients [4, 13]
and in patients in a general intensive care unit (ICU)
[7]. Secondary colonization of both oropharynx and
rectum with gram-negatives after transplantation was
inhibited, despite the potent immunosuppression of the
early phase.

In our series, elimination of Candida from both oro-
pharynx and rectum was unsatisfactory and came no-
where near matching the decrease rates reported by Wies-

ner et al. [13]: in a substantial portion of throat and rectal
cultures Candida was acquired while the patient was
under SBD. This might be explained by the fact that we
were using only 500,000 IU nystatin in a single dose as
compared to 2,000,000 IU in the Mayo regimen. Interes-
tingly, a'similat paftern to ours with a notable decline in
yeasts in the throat and virtually unchanged counts in rec-
tal swabs were reported in two controlled studies using
SBD with amphotericin B instead of nystatin: one was
conducted in patients in a general JCU [7] and the otheris
an ongoing prospective trial invéstigating SBD in liver
transplantation [4]. Fortunately, despite improper elimi-
nation, Candida caused, or was found in, only four infec-
tions (one sepsis, two pneumonias, and one cystitis) and
none was fatal.

Assessing the difference between colonization and in-
fection is often difficult, and for that reason we applied
rather strict definitions in this study, including that of the
patient’s general condition.

Compared to that in historical controls {2, 5, 8], the rate
of bacterial and fungal infections in our series is low; thus
far an infection-related mortality of only 1.95% has not
been reported. In only 11 of 68 bacterial and fungal infec-
tions (16 % ) was a gram-negative organism found, where-
as 40 (58 %) infections were caused by gram-positive or-
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ganisms, all of which, except for one fatal staphylococcus
sepsis, responded well to small-spectrum antibiotics.

Fungal infections were found in 11 patients (16%), a
figure corresponding to the Pittsburgh series transplanted
between July 1984 and September 1985 [6]. Although
mortality from fungal infections was lower in our series
(3/11 as compared to 13/16), they were still responsible for
50% of the total mortality. Three of the four fatal infec-
tions were caused by fungi other than yeasts. One case of
mucormycosis was diagosed only at post mortem examin-
ation, and two patients died after many complica;‘ions,
Aspergillus pneumonia and sepsis being the final evets.

Because of the known high fatality rate of Aspergillus
infections [2, 6], amphotericin B therapy was promptly in-
itiated upon detection of any Aspergillus, even when
there were no signs of infection. The often feared renal
complications that are side effects of amphotericin B ad-
ministration were not noteworthy in our experience.

Because of the lack of a control group, we are unable to
prove the impact of SBD on preventing infection or on
mortality. As we only started our program in 1988, we
were able to benefit greatly from the pioneers’ combined
learning curves. Other well-known risk factors for infec-
tions and, thus, for mortality had also been eliminated to a
great extent, e.g., only three retransplantations for pri-
mary graft failure were necessary, no arterial thrombosis
was seen, and only two biliary leaks occurred. Operating
times and blood use were moderate, and prolonged intu-
bation periods were avoided, with more than half of the
patients extubated immediately at the end of the oper-
ation [11].

The fewer technical complications were also partly re-
flected in the sites of infections and in the incidence of
sepsis: abdominal and graft abscesses. in other programs a
significant problem [5, 6, 10], ranked far behind with only
two abdominal and no liver abscesses and only eight epi-
sodes of sepsis.

In roughly one-third of all patients, the bile was col-
onized and 14 % developed cholangitis. Although this fig-
ure is higher than that reported by others [6, 10], only two
were related to technical problems (bile leaks). The ma-

jority of cholangitis episodes occurred early in our pro-
gram and following T-tube cholangiograms. Since adopt-
ing our protocol and routinely using antimicrobial pro-
phylaxis with vancomycin before any manipulation of the
bile ducts, the rate of cholangitis has diminished.

In their study on 110 patients with FK 506 immunosup-
pression, Alessanietal. havereported anexcellentsurvival
rate and have attributed this success to the use of this new
drug {1]. In our series approximately 20 % of the patients
received FK 506 for immunosuppression; however, a not-
able reduction in the number of infections was not seen.

In the Mayo experience, SBD was not found to induce
resistance to antibiotics [13]. SBD-induced resistance can
be discussed in cases with organisms found to be newly re-
sistant in the course of SBD application. This implies that
the same organism must have been found not to be resis-
tant in the same patient and site prior to starting SBD.
Even while respecting such strict definitions, a newly re-
sistant organism can still be a different one, e.g., one ac-
quired in the hospital. Only gram-positive bacteria were
found to be resistant in substantial numbers. A total of
five gram-positive organisms were found to be resistant to
vancomycin, all of them in the first time period studied
here. More disturbing was the significantly increasing
number of imipenem-resistant coagulase-negative sta-
phylococci and ciprofloxacin-resistant enterococci found
in the course of the three time periods. This may be re-
lated to the limited effects of SBD on positive flora. How-
ever, further studies are needed to clarify this issue.

Patient compliance was excellent, but one potentially
dangerous effect of SBD has to be mentioned: as de-
scribed earlier, tobramycin blood levels were detected in
several patients, and because of its known toxicity profile
this drug should be considered as a possible source of ne-
phrotoxicity.

Summarizing our observations, we believe that SBD
was only one element - albeit an important one —inlevell-
ing the early deflection in the survival curve of this series.
We anxiously await the results of ongoing controlled
studies on SBD in liver transplantation.
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