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Infections in Patients with Spinal Cord Injuries

John Z. Montgomerie From the Department of Medicine, Rancho Los Amigos Medical Center,
Downey, California

Approximately 8,000 persons survive spinal cord injury urinary tract infection in patients with SCIs. Performance of
intermittent catheterization and bladder-neck manipulation(SCI) each year in the United States. About 200,000 Americans
have reduced the morbidity associated with neurogenic bladder.have spinal cord injuries, and this number is increasing as life
Changes in the bladder associated with the long-term use ofexpectancy increases towards normal levels for these persons.
indwelling catheters include squamous metaplasia, thickeningNosocomial infection is common in patients with SCIs because
and fibrosis of the bladder, diverticula, calculi and the presencethese patients are admitted to the hospital immediately after
of multiple organisms, alkaline-encrusting cystitis with urease-their injuries occur, and they stay for a considerable time for
producing bacteria, penile and scrotal fistulae, abscesses andmanagement of the injuries and for rehabilitation. Because of
epididymitis, and squamous cell carcinoma of the bladder.the prolonged stay, these patients are at greater risk of devel-

Intermittent catheterization is associated with an increasedoping infections with resistant microorganisms including meth-
incidence of bacteriuria, which may be influenced by the fre-icillin-resistant Staphylococcus aureus (MRSA) and multiresis-
quency of catheterization. As the interval between catheteriza-tant gram-negative bacilli. Patients with SCIs frequently have
tions increases, the incidence of bacteriuria may increase. Pa-wounds on the neck, chest, or abdomen and often are at addi-
tients who are unable to perform intermittent catheterizationtional risk from surgery and the use of blood products. High
themselves are also at greater risk of infection [2].doses of corticosteroids, given immediately after injury, may

A wide range of microorganisms has been isolated frompredispose these patients to infection as well as to upper gastro-
patients with SCIs and urinary tract infections. The presenceintestinal complications [1]. After discharge from the hospital
of bacteria that are urease producers raises concerns aboutand rehabilitation, the incidence of infection, usually of the
calculus formation. Infection due to Escherichia coli strainsurinary tract, respiratory tract, and infected pressure ulcers,
that may be more virulent than other strains has not beencontinues to be increased for patients with SCIs.
well studied. The virulence of some bacterial species, such as
Pseudomonas, in the urinary tracts of patients with SCIs has

Urinary Tract Infections been questioned, but there are sufficient data showing that
tissue invasion and bacteremia with Pseudomonas aeruginosaBacteriuria is almost universal in patients with SCIs. This
are not uncommon.infection may be asymptomatic colonization, but tissue inva-

E. coli and species of Pseudomonas, Klebsiella, and Entero-sion of the urinary tract occurs in most patients initially during
coccus have been the predominant microorganisms that causehospitalization and rehabilitation and may be a recurrent prob-
urinary tract infections in patients with SCIs. A high prevalencelem for most of these patients throughout their lives. At one
of Proteus species, which may relate to the more frequenttime, these infections were the dominant cause of bacteremia,
use of indwelling catheters, has been noted at some centers.renal failure, and death among patients with SCIs until the
Klebsiella, Pseudomonas, and Proteus species tend to be moremethods of urinary drainage improved; however, serious com-
resistant than E. coli to commonly used antibiotics, but out-plications, bacteremia, calculi, pyelonephritis, and renal failure
breaks of infection with multiresistant gram-negative bacillistill occur.
have been described relatively infrequently in SCI units.An increased volume of residual urine and increased bladder

A patient’s sex and level of injury may affect the microbiol-pressure have been the most important factors responsible for
ogy of bacteriuria and colonization. At our institution, the inci-
dence of infection with Klebsiella and Pseudomonas species
among male patients has been high, which may be related to
the use of external condom catheters. In one study of femaleReceived 16 July 1997.
patients with SCIs who underwent intermittent catheterization,Reprints or correspondence: Dr. John Z. Montgomerie, Rancho Los Amigos

Medical Center, 7601 East Imperial Highway, 244 HB, Downey, California E. coli and Enterococcus species accounted for 71% of infec-
90242.

tions [3].
Clinical Infectious Diseases 1997;25:1285–92 Because of loss of sensation, patients with SCIs do not have
q 1997 by The University of Chicago. All rights reserved.
1058–4838/97/2506–0001$03.00 the common symptoms of urinary tract infection such as fre-
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quency, urgency, and dysuria. The clinical features of UTI may gram-negative bacilli may be replaced with gram-positive or-
ganisms such as Enterococcus species and Staphylococcusinclude fever, pyuria, and other ‘‘soft’’ symptoms and signs

such as discomfort over the back or abdomen during urination, epidermidis.
onset of incontinence, increased spasticity, autonomic hyper-
reflexia, malaise, lethargy, or observation of cloudy urine with

Infected Pressure Ulcers
increased odor [4]. It is important to confirm the diagnosis by
performing a urine culture. Pressure ulcers are frequent in patients with SCIs. In a recent

study, Richardson and Meyer [8] found that the prevalence ofBlood cultures should be performed if a patient has a high
fever. Localization of the infection and exclusion of obstruction pressure ulcers among recently injured patients with SCIs dur-

ing the initial hospital stay varied from 13% to 69%, dependingand other factors that might influence response to treatment
are important. The significance of any level of bacteriuria has on the level of injury and whether the injury was complete or

incomplete. Other important factors included the presence ofbeen controversial. Small numbers of bacteria may be found
and may persist in the bladder urine of patients undergoing multiple sites of trauma in patients with SCIs and inattention

to the skin when patients were receiving care in intensive careintermittent catheterization [5]. A consensus of investigators
for the National Institute on Disability and Rehabilitation Re- units. The sites most frequently involved are the ischial tuberos-

ities, the trochanter, and the sacrum. Infection may result insearch decided that the criteria for quantitative cultures of urine
for the diagnosis of bacteriuria include catheter specimens from cellulitis, abscess formation, osteomyelitis of underlying bone,

or infection of underlying joints or bursae. Bacteremia is apatients undergoing intermittent catheterization (§102 cfu/
mL), clean-voided specimens from catheter-free males using common complication of neglected pressure ulcers.

Multiple anaerobes and aerobes are found in pressure ulcerscondom collection devices (§104 cfu/mL), and specimens from
indwelling catheters with any detectable concentration of or- [9]. The degree of microbial colonization is determined by

the presence of devitalized tissue. Pressure ulcers with tissueganisms [4].
The bacteria that cause urinary tract infections have been necrosis contain aerobes and anaerobes at levels of ú5 log10/

g of tissue. The presence of necrotic tissue and a foul smellfound colonizing the urethra and perineal skin of male patients
with SCIs. A high rate of colonization with P. aeruginosa and has been significantly associated with isolation of anaerobes

from deep tissue. Bacteroides species, E. coli, Proteus species,Klebsiella pneumoniae, which reside in the perineum, urethra,
and bowel flora and the urine in urine drainage bags, is fre- Enterococcus species, and anaerobic streptococci were found

to be the most prominent organisms in pressure ulcers associ-quently associated with the use of external urinary catheter
systems in men [6]. ated with grossly necrotic tissue, and P. aeruginosa and

S. aureus were the most frequently isolated organisms as theA wide range of urinary tract pathogens may be found in
the environment, and transmission of these organisms on the ulcers were healing [9]. Significant variability in deep-tissue

culture results was observed when specimens from differenthands of health care personnel is the most likely means of
transmission among patients in hospitals and clinics [7]. The parts of the same sore were examined. Such observations call

into question the value of obtaining repeated cultures of pres-use of antiperspirants or antiseptics to clean the skin or in-
creased bathing has not been shown to significantly alter the sure ulcers, but aerobic cultures frequently reveal vancomycin-

resistant enterococci or methicillin-resistant staphylococci orrate of perineal skin colonization. The use of medicated soaps
may also be counterproductive. multiresistant gram-negative bacilli.

Local signs of infection include cellulitis, abscess formation,Because of a lack of evidence that treating asymptomatic
bacteriuria reduces the incidence of symptomatic bacteriuria drainage, and a foul smell. The diagnosis of osteomyelitis un-

derlying the ulcer is more difficult. The presence of fever andor influences the long-term function of the urinary tract or
kidneys, the consensus has been that bacteriuria should be leukocytosis without drainage may indicate joint involvement

or infection of a bursa. The development of drainage and expo-treated only when symptoms or signs are present [4]. For symp-
tomatic patients, particularly those with high fevers who may sure of bone suggest that osteomyelitis may be present in the

underlying bone at these sites. Findings on radiographs andhave bacteremia, broad coverage may be necessary until the
results of cultures are available because these patients are fre- bone scans may also be misinterpreted as those indicating os-

teomyelitis because of the frequent presence of heterotopicquently colonized with resistant bacteria.
In-hospital studies of oral prophylactic antimicrobial therapy ossification or periosteal reaction resulting from pressure

changes on the underlying bone [10]. Pathological examinationto prevent infections or of the use of antibiotic solutions such
as neomycin, placed in the bladder at the time of intermittent of the bone is required for diagnosis, and the performance of

quantitative cultures does not help differentiate osteomyelitiscatheterization, have shown that both these procedures may
reduce the number of incidents of significant bacteriuria. This from infection or colonization of adjacent tissue [11].

Joint involvement in patients without sensation may be dif-approach has been avoided at most centers because of the
risk of the emergence of resistant microorganisms. In addition, ficult to detect, and the diagnosis may be missed. This is espe-
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cially true for patients with trochanteric pressure ulcers in tively, prior anesthesia, and the effectiveness of treatments to
clear secretions.whom infection extends to the hip joint. Aspiration of the joint

and injection of radiopaque dyes may determine if the joint Pneumonia in patients with SCIs is associated with atelecta-
sis, which results from a change in the pattern of respirationcapsule is intact. Iliopsoas abscess, an infrequent complication

of deep pressure ulcers involving the hip joint, may not be and a reduction in coughing. The impairment of the abdominal,
intercostal, and diaphragmatic muscles that is associated withrecognized [12].

Exceptional care is necessary to prevent the development progressively higher lesions in the spinal cord results in a
higher incidence of pneumonia among quadriplegics than para-of pressure ulcers, especially in patients with high cord le-

sions. To prevent the development of pressure ulcers, special- plegics.
The preponderance of pneumonias in patients with SCIsized nursing care, care of patients in specialized centers, and

prevention of immobilization in the immediate postinjury occur in the left lower lobe [17]. The anatomy of the main-
stem bronchus (the left bronchus branches off at a more acuteperiod (including delays in transportation to the ward, delays

in the performance of radiographic procedures, and waiting angle than the right bronchus) probably accounts for the in-
creased incidence of left-sided atelectasis and pneumonia.in emergency departments) are needed [13]. Patients must

be trained in skin care before they are discharged from the There are some limitations to the published studies of pneumo-
nia in patients with SCIs because atelectasis and pneumoniahospital.

The management of pressure ulcers includes relief of pres- have frequently been combined in these reports.
The clinical features of pneumonia in patients with SCIssure and physical wound debridement. Antibiotic therapy is

indicated when there is evidence of bacteremia or local wound are fever, leukocytosis, and purulent sputum associated with
radiographic changes. Because of the neurological deficits,infection or at the time of extensive debridement of the wound

because bacteremia may occur at that time. Myocutaneous flap cough is not a feature.
Radiographic diagnosis is difficult because atelectasis is fre-surgery may be indicated when the ulceration has progressed

to the muscle, bone, bursa, or joint. The aim of this surgery is quently present and predisposes patients to pneumonia. Atelec-
tasis may be accompanied by fever and/or leukocytosis.to restore skin and subcutaneous tissues. Most ulcers are surgi-

cally debrided before flap surgery is performed. When an infec- There are no published studies of the microorganisms that
cause pneumonia in these patients. It is likely that the flora oftion extends to the hip joint, it may be refractory to treatment,

and resection of the femoral head and neck may be necessary the oropharynx, including the gram-negative aerobic bacilli,
are involved as they are in most nosocomial pneumonias.(Girdlestone resection).

The perioperative administration of antibiotics for 5–7 days Prevention and control of pneumonia by clearing retained
secretions include manual assistance in coughing and posturalhas been recommended to prevent postoperative flap-wound

infection, which is seen after surgery in 2.5%–8% of cases drainage. Postural drainage requires positions that are some-
times difficult to achieve during the acute postinjury period.[14]. Anaerobes, gram-negative aerobic bacilli, and staphylo-

cocci, including MRSA, have been cultured from postoperative Forced vital capacity has been used as a predictor of respiratory
problems, and early intubation may be performed to preventwound infections.

Osteomyelitis associated with pressure ulcers has often been problems.
Following discharge from the hospital, patients with SCIstreated with antibiotics for £6 weeks. Infected bone is usually

removed at the time of surgery, and a short course of antibiotics are at greater risk of developing pneumonia following upper
respiratory tract infections. The increased risk of pneumoniamay be adequate. Antibiotic therapy given for ú3 weeks did

not affect the outcome in one study [10]. in patients with SCIs justifies the use of pneumococcal and
influenza vaccines, although I am unaware of studies in this
group that have demonstrated the value of these vaccines.

Pneumonia

Pulmonary complications including atelectasis (loss of
Bacteremia

lung volume), pneumonia, chest injury, and pulmonary in-
farction are the most frequent cause of morbidity and mortal- Bacteremia secondary to urinary tract infections, pneumonia,

pressure ulcers, and infections at other sites is not uncommonity among patients with SCIs. In the immediate postinjury
period, pneumonia is the most common pulmonary compli- in patients with SCIs. A feature of bacteremia among these

patients has been the low associated mortality [18, 19]. Bacter-cation [15], and it has been reported to be the most frequent
cause of death [16]. emia appears to be less life-threatening in patients with SCIs

than other patients. The young age of the patients, the sourceFrom 5% to 20% of all patients with SCIs develop pneumo-
nia during initial rehabilitation in the hospital. The risk of of the infection (the urinary tract), and the lack of underlying

disease may contribute to the low mortality. Because of thedeveloping pneumonia is greatest in the early postinjury period
and is influenced by factors such as inability to cough effec- low mortality, my colleagues and I have also speculated that

/ 9c40$$de29 11-04-97 17:37:11 cidas UC: CID



1288 Montgomerie CID 1997;25 (December)

Table 2. Body sites colonized with methicillin-resistant Staphylo-patients with recurrent urinary tract infections develop antibod-
coccus aureus in a spinal cord injury center.ies that may protect them from bacteremia.

Bacteremia in patients with SCIs has usually been the result
Site No. positive/no. cultured (%)

of bacteriuria associated with bladder manipulation. My col-
leagues and I have found that infected pressure ulcers that Nose 37/67 (55)

Throat 30/67 (45)have been neglected are the second most frequent cause of
Perineum 17/67 (25)bacteremia [18]. Bacteremia associated with pneumonia has
Urine 27/67 (40)occurred mainly in quadriplegic patients who have usually been
Wounds 58/67 (87)

ventilator dependent. Central catheter infection, phlebitis, and
NOTE. Data are from [21].infected surgical sites have been other sources of bacteremia

(table 1).
In those episodes in which the urinary tract was considered

to be the source of the bacteremia, enterococci, E. coli, and and wounds have been the sites most frequently colonized
(table 2).P. aeruginosa were the organisms most frequently isolated

from the blood. Anaerobic bacteria were most frequently iso- Control measures need to be developed according to the
nature of the institution and the extent of the problem. In mylated from the blood samples from patients with pressure ulcers,

and S. aureus was the most commonly isolated aerobic species; institution the use of a protocol introduced in 1978 showed
that colonized patients could continue to receive physical andonly three of 20 patients with pressure ulcers had gram-negative

aerobic bacilli isolated from their bloodstreams [18]. occupational therapy without significant risk of spreading
MRSA [20]. The measures included placement of colonized
patients in private rooms, surveillance of MRSA isolates, and
obtaining specimens for culture from potentially colonizedMRSA Colonization and Infection
body sites. Gloves and gowns were worn when care givers had

Patients with SCIs have frequently been colonized and in- direct contact with patients in the ward or at the time of physical
fected with MRSA [20, 21]. Patients in SCI units are more or occupational therapy. Precautions were taken until three
frequently colonized than many other patients because they are consecutive cultures, performed weekly, were negative. Pa-
usually referred from the intensive care units of other institu- tients colonized with MRSA continued to receive intensive
tions, and patients may acquire MRSA during lengthy rehabili- physical and occupational therapy. Transfer of MRSA did oc-
tation. MRSA infections occur most frequently in the urinary cur in those areas where more intensive medical and nursing
tract, wounds, lungs, and blood. Patients may remain colonized care is provided. Cultures of nasal secretions from hospital
for months or years. Sites of colonization include the nose, personnel were performed if there was a cluster of three or
throat, and perineum and urinary tract, but the anterior nares more nosocomial infections.

Asymptomatic bacteriuria is a common problem and may
be a risk factor for transmission of MRSA on the hands of

Table 1. Sources of bacteremia in patients with spinal cord injuries. care givers who empty drainage bags or handle other urinary
drainage systems. Unrecognized colonization of tracheostomy

Initial
sites and respiratory secretions has also been an importantSource or site of admission Readmission Total
source of spread. Pressure ulcers colonized with MRSA mayprimary infection (n Å 41) (n Å 62) (n Å 103)
provide a source of the organism if there is not adequate use

Urinary tract infection of gloves and hand washing.
(no. of deaths) 19 31 (4) 50

Pressure area
(no. of deaths) 2 18 (1) 20 Other Infections

Pneumonia 6 4 10
Phlebitis or central catheter All patients who undergo surgery may develop infections as

(no. of deaths) 1 4 (1) 5 a result of the use of blood products. Intravenous access sites
Surgical site 4 0 4 may become infected, postoperative pneumonia may occur,
Bowel perforation

and wounds at the site of surgery for the injury may become(no. of deaths) 2 (1) 2 (1) 4
infected.Osteomyelitis of the spine 0 2 2

Not known 6 4 10 There are special problems related to infection for patients
Other 2 0 2 with SCIs. Patients with SCIs may have milder chills because

Total 107* shivering may not occur below the level of the injury. The lack
of sensation may delay diagnosis of infection in wounds belowNOTE. Data are from [18].

* The same microorganism was cultured from two sources in four patients. the level of injury. It is very easy to overlook other infected
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