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control for the prevention of complications of diabetes. In India,
relatives are a major influence in motivating patients to control
their disease.

An educational package geared towards specific occupational
groups should be formulated, keeping in mind the infrastructural
and cost limitations of our population. Providing education
programmes is only half the battle. Imparting education regarding
diabetes using effective models should be an ongoing process to
achieve the desired goal. Continuous efforts are being made to
organize frequent education camps in our institute, covering
various aspects of diabetes such as blood glucose monitoring,
nutrition and prevention of complications.
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Acinetobacter infection in neurosurgical intensive care
patients

A. SURI, A. K. MAHAPATRA, A. KAPIL

ABSTRACT
Bdckground This study was performed to analyse the

incidence of Acinetobacter infections in neurosurgical patients in
the postoperative period.

Hethods. Two thousand three hundred and twenty postop-
erative cranial neurosurgical intensive care unit (ICU) patients
were studied from March 1995 to August 1996; 419 patients
had a variety of infections and 42 patients had multiple
infections. Acinetobacter was isolated in 103 patients (24.6%
of total patients infected and 4.4% oftotal patients analysed).
Statistical analyses were performed to identify the risk factors,
antibiotic sensitivity and outcome of therapy of Acinetobacter
infection.

Results. Acinetobacter infection was not significantly related
to the length of hospital stay prior to surgery but was related
significantly to the length of stay in the ICU after surgery.
Acinetobacter was isolated from sputum/tracheal secretions in
47/103 (45.6%), followed by cerebrospinal fluid [24/103
(23.3%)], urine [15/103 (14.56%)] and blood [15/103
(11.65%)].Acinetobacterinfectionwas present in 54 (3.21 %)
of 1680 patients who had undergone routine/elective surgery
and in 49 (7.66%) of 640 patients following emergency
surgery. Elective/supportive ventilation for >5 days, external
ventricular cerebrospinal fluid drainage for >5 days, intracranial
pressure monitoring and prolonged indwelling Foley's urinary
catheter during the perioperative period were independent risk
factors (p <0.005). Acinetobacter isolated from sputum/tra-

cheal secretions were mostly sensitive to amikacin, cefotaxime
and ceftriaxone; while those grown from the cerebrospinal fluid
were more often sensitive to ciprofloxacin, amikacin and
netilmycin. Twenty-four patients succumbed to Acinetobacter
infection; in 1 1 of these patients the organism was resistant to all
antibiotics.

Conclusion. Acinetobacter is an important nosocomial infec-
tion in neurosurgical intensive care patients.
Natl Med J India 2000; 13:296-300

INTRODUCTION
In recent years, organisms of the genus Acinetobacter have
increasingly been associated with hospital infection. I These non-
fermentative, aerobic, Gram-negative coccobacilli are commen-
sals in the skin and throat and are commonly isolated from
unsterile fluids and a moist environment. Until the mid-1970s, they
were rarely implicated as a cause of infection. In the last two
decades, a number of nosocomial outbreaks have been reported.
The most common site of infection is the respiratory traer."?
However, infection in the blood, urinary tract and other sites has
also been described.'>" Nosocomial meningitis due to
Acinetobacter is much less common. We found only 17 reports
describing 66 cases in the English language literature of the last
30 years. Most of these were sporadic reports with small clusters
of patients.

During 1995-96, we noticed an increasing number of
Acinetobacter isolates in patients admitted to the Department of
Neurosurgery, All India Institute of Medical Sciences, New Delhi
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conforming to an epidemic distribution. Therefore, we analysed
our data to assess the impact of this nosocomial infection in the
intensive care unit.

PATIENTS AND METHODS
This study was conducted over an 18- month period (March
1995-August 1996) during which 2320 patients underwent a
cranial neurosurgical procedure (elective or emergency). Pa-
tients with evidence of previous or community-acquired infec-
tion were excluded. All patients with spinal disorders and
peripheral nerve injury; patients admitted with brain abscess
and/or ventriculitis and subdural empyema or meningitis sug-
gestive of community-acquired infection; non-operated cranial
neurosurgical patients with head injury and poor-grade sub-
arachnoid haemorrhage were excluded from the study.

Definition of postoperative infection
Patients were considered to have infection if they had a tem-
perature >38 °C for 48 hours and did not respond to paracetamol.
In all patients with postoperative fever, blood counts, chest X-
ray and culture samples-blood, cerebrospinal fluid (CSF),
tracheal secretions, urine and wound aspirate or discharge from
the wound, if present-were obtained. In all patients a meticu-
lous record of the data was maintained.

Chest infection was defined as fever with a positive sputum or
tracheal culture with or without purulent secretions from the
tracheostomy or endotracheal tube, leucocytosis (> 11 OOO/cmm)
and radiological features suggestive of chest infection.

Meningitis was defined as fever with a positive CSF shunt tip
or external ventricular catheter tip culture with or without CSF
polymorphonuclear pleocytosis (>20 cells per cmm; WBC:RBC
> 1:500), CSF protein >50 mg/dl, CSF sugar less than two-thirds
of the blood sugar; with or without neck stiffness or altered
neurological status.

Urinary tract infection (UTI) was defined as fever with a
positive urine culture with or without dysuria and pyuria (» 10 pus
cells per high power field).

Antibiotic policy
None of the patients received preoperative antibiotics. Intraopera-
tiveciprofloxacin (adults: 200 mg; children: 5 mg/kg body weight)
and amikacin (adults: 500 mg; children: 5 mg/kg body weight)
were administered to all patients at the time of induction of
anaesthesia. A second dose of antibiotics was given if the opera-
tive procedure lasted for more than 6 hours. Postoperatively,
ciprofloxacin and amikacin were continued for 7 days in patients
who were on ventilatory support, had external ventricular CSF
drainage or intracranial pressure monitoring, and patients with
diabetes mellitus, or those who required re-exploration or repeat
surgery. Those who had documented infection received appropri-
ate antibiotics according to the culture and sensitivity report of the
organisms grown.

Culture and sensitivity testing
Follow up samples were collected from patients during their stay
in the hospital, guided by the clinical course of the illness. Strains
were indentified morphologically and biochemically based on
growth at 37°C, 41 °C and 44 °C, gelatin hydrolysis, acid from
glucose and carbon source utilization. Antibiotic sensitivity tests
were performed by Stoke's method (reference strain). Clinical
correlation was based on the signs and symptoms of infection and
relevant supportive laboratory data. Random cultures were taken

from ventilators, humidifier solutions, peri catheter or peri-
ventriculostomy skin, suction bottles, laryngoscopes and other
equipment.

Statistical analyses
The results were analysed using Chi-square and McNamara tests.

RESULTS
Demographic data
Four hundred and nine patients developed an infection; 103 were
due to Acinetobacter. There were 82 men and 21 women, whose
ages ranged from 2 months to 82 years (mean age 42 years; median
age 48 years). Acine tobacte r infection occurred in 24.7%of the total
patients infected and in 4.4% of the total patients analysed. There
were 54 (3.2%)Acinetobacter infections among 1680 patients who
underwent elective surgery and in 49 (7.7%) of 640 patients who
underwent emergency surgery. Twenty-four patients (10 elective
and 14 emergency) died due to Acinetobacter infection (Table I).
Acinetobacter infection comprised 42% (47/112) of all chest infec-
tions, 30.8% (24/78) of all meningitis, 11.5% (15/30) of all UTI,
20.7% (12/58) of all septicaemia, and 4.5% (1122) of all central
venous pressure catheter (CVP) tip infections (Table II).

Postoperative neurosurgical Acinetobacter infection was not
related to the number of days in hospital prior to surgery (p=0.36)
but was significantly related to the number of days in the ICU after
surgery (p<O.OOI;Table III). None of the 2320 patients had fever
or any other evidence suggestive of infection prior to surgery.
Thus, postoperative Acinetobacter infection was very likely to be
a nosocomial infection and not community acquired.

Primary and co-morbid disease
The most common underlying condition was head injury (46
patients; 44.7%), followed by intracranial tumours (36 patients;
34.3%), and hydrocephalus (21 patients; 10 due to intraventricu-
lar haemorrhage, 6 due to post-tubercular meningitis and 5 due to
infected ventriculoperitoneal shunts). The surgical procedures
performed included 51 supratentorial craniotomies, 25 infra-
tentorial craniectomies (10 patients also had ventriculo-peritoneal

TABLEI. Acinetobacter infections: Incidence and death

Routine Emergency

Total
Total patients with infection
Patients infected withAcinetobacter
Mortality among patients with Acinetobacter

infection

1680
252 (15.0)

54 (3.2)
10 (0.6)

640
167 (26.0)
49 (7.7)
14 (2.2)

Figures in parentheses are percentages

TABLEII. Spectrum of Acinetobacter infections

Site of infection Number of patients Acinectobacter
with infection infection

Chest infection
Meningitis
Urinary tract infection
Septicaemia
Infected central venous pressure catheter
Wound infection
Osteomyelitis

112
78

130
58
22
11
8

47 (42.0)
24 (30.8)
IS (11.5)
12 (20.7)

1 (4.5)
3 (27.3)
I (12.5)

Figures in parentheses are percentages
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TABLEIII. Duration of stay in hospital/ICU and occurrence of
infection

Patients Range Mean Median

Duration of stay in hospital prior to surgery (in hours)'
ELective craniaL surgery

Non-infected patients (1428)
Infected patients

Acinetobacter (54)
Non-Acinetobacter (198)

Emergency craniaL surgery
Non-infected patients (473)
Infected patients

Acinetobacter (49)
Non-Acinetobacter (118)

14-384 90.6 96.5

14-260
14-280

88.8
94.7

92.5
98.5

0.5-36 3.9 3

0.8-40
0.8-38

4.3
3.9

4
3.5

Duration of stay in ICU prior to occurrence of infection (in days)t
ELective craniaL surgery

Non-infected patients (1428)
Infected patients

Acinetobacter (54)
Non-Acinetobacter (198)

Emergency craniaL surgery
Non-infected patients (473)
Infected patients

Acinetobacter (49)
Non-Acinetobacter (118)

1-13 1.2 1.5

3-19
3-22

6.5
5.5

5.2
4.4

1-4 21.5

3-17
3-19

5.0
4.5

4.7
4.2

* p= 0.36 t p < 0.001

shunt insertion), 21 external ventricular drainage (16 had it for
>5 days), 12 ventriculoperitoneal shunts (2 for congenital
hydrocephalus and 10 for posterior fossa tumours) and 4
intracranial pressure monitoring device insertion.

Eleven patients were diabetic and 40 patients were receiving
steroids. None of the patients received radiation or chemotherapy
during hospitalization and none had malignant disease outside the
central nervous system. All patients received antibiotic therapy at
the onset of infection. Fifty-eight patients were electively venti-
lated-22 had endotracheal tubes and 36 were tracheostomized.
Eighty patients had an indwelling Foley's urinary catheter (20 for
>5 days) and 72 patients had CVP catheters (16 for >5 days)
during the postoperative period.

Spectrum of Acinetobacter infection
Chest infection. All 47 patients with chest infection were

electively ventilated-15 had endotracheal intubation and 30
were tracheostornized. Elective ventilation for >5 days was a
significant risk factor for Acinetobacterchest infection (p<0.005;
Table IV). Nine patients succumbed to Acinetobacter chest infec-
tion.

Meningitis. Acinetobacter was isolated in 13 of 24 patients
from external ventricular drains and ventriculoperitoneal cath-
eters. External ventricular drainage for >5 days was a significant
risk factor for Acinetobacter meningitis (p<0.005; Table IV).
Fifteen patients succumbed to Acinetobacter meningitis.

Urinary tract infection (UTI). Eighty out of 103 patients had
an indwelling Foley's catheter, 20 of them for >5 days.
Acinetobacter was isolated from the urine samples of 15 pa-
tients-all of them had indewelling catheters; 10 had them for >5
days. An indwelling catheter for >5 days was a significant risk
factor for Acinetobacter UTI (Table IV).

Acinetobacter was isolated from 12 blood cultures, one CVP
tip culture, three wound swabs and one infected bone flap (Table
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TABLEIV. Relation between occurrence of infection and related
procedures

Chest infection Elective
ventilation

No elective
ventilation

55 days >5 days

Non-infected patients (1901)
Acinetobacter infection (47)
Non-Acinetobacter infection (65)

430
o

40

58
47
16

1413
o
9

Meningitis External drainage of
CSF

No external
CSF drainage

55 days >5 days

Non-infected patients (190 I) 215
Acinetobacter meningitis (24) 8
Non-Acinetobacter meningitis (240) 86

22
16
4

1664
o

150

Urinary tract infection Catheterized Prolonged No
catheterization catheterization

(n=80) (n=20) (n=23)

Acinetobacter
Non-Acinetobacter
Both

15
12
10

10
6
3

o
1
1

Chest infection due to Acinetobacter is significantly related to elective ventilation for
>5 days (p <0.005)
Meningtitisdue toAcinetobacteris significantly related to external ventricular drainage
for e-Sdays (p <0.005)
Urinary tract infection due to Acinetobacter is Significantly related to prolonged
placement of an indwelling Foley' s catheter

II). The other organisms isolated in culture specimens included
Staphylococcus epidermidis (14), Staphylococcus aureus (8),
Pseudomonas aeruginosa (10), Enterobacter (6), Escherichia
coli (8), Proteus (6), Klebsiella (2) and beta-haemolytic Strepto-
coccus (2). These were responsible for chest infection in 16/42
patients and in 24/56 isolates, UTI in 19/42 patients and in 23/56
isolates; meningitis in 4/42 patients and in 8/56 isolates and
septicaemia in 3/42 patients and in 4/56 isolates. Therefore, chest
infection and UTI were more commonly due to multiple organ-
isms than meningitis and septicaemia.

Therapy and outcome. Acinetobacter isolates in CSF were
predominantly sensitive to ciprofloxacin, amikacin and netilmycin
while those in sputum and tracheal secretions were sensitive to
arnikacin, cefotaxime, ceftriaxone and a combination of ampicillin
and sulbactum. Eleven patients had Acinetobacter cultures resis-
tant to all antibiotics. All these patients succumbed to the infection.

DISCUSSION
Most outbreaks of nosocomial Acinetobacter infections reported
occurred in ICUs. They involved the respiratory tract and were
associated with contaminated equipment+" A few other epidem-
ics of non-respiratory infections were traced to humidifiers, trans-
ducers, nebulizers or other contaminated containers. 13-21

Meningitis due to Acinetobacter is a relatively rare occur-
rence. Its literary history can be divided roughly into two periods:
the earlier period, extending from the original description by De
Bord" in 1948 on Mima polymorpha meningitis up to the two
extensive literature reviews in 1964 and 1967.23•24 Most of these
infections were community acquired, many of the patients were
children, and about two-thirds of the cases were due to M.
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polymorpha (later called A. calcoaceticus var. lowffi and
currently known as Acinetobacter lowffi): the other cases
were due to Herellea vaginocola (later called A. calcoaceticus
var. anitratus and currently known as A. baumannii). Al-
though head trauma preceded the infection in a few cases, the
association with surgical procedures was mentioned in only
two reports from that period.P-"

A review of the English language literature on Acinetobacter
meningitis revealed that the vast majority of cases were reported
from 1979 onward. Most occurred in adults and were hospital
acquired, and almost all were due to A. baumanniiPr" Several
small outbreaks'?" and a few isolated cases29.20occurred in neo-
nates. Although hospital acquired, these cases were not associated
with invasive procedures.

All previously reported cases of acquired nosocomial CNS
infections due to Acinetobacter following neurosurgical or other
invasive procedures were analysed, including the two references
before 1967.25,26Seventeen reports were thus collected, encom-
passing a total of 66 cases.25.26,31-45Most reports were sporadic,
describing either isolated cases=' I,33.36,37or small clusters indentified
within systematic collections of cases of meningitis due to Gram-
negative organisms. 32,35.38,41,44Three reports described outbreaks of
Acinetobacter infection outside the CNS, including a few cases of
meningitis,25.40.42and only three reports related specifically to the
association of neurosurgical invasive procedures with this infec-
tion.34.39.43

The largest reported series ofAcinetobacter meningitis was by
Siegmann-Igra et al. in 1991. They described 25 cases of nosoco-
mial Acinetobacter meningitis secondary to indwelling ventricu-
lostomy tubes or CSF fistulae.

Our study revealed that postoperative neurosurgical
Acinetobacter infection was entirely nosocomial and not commu-
nity acquired. It was not significantly related to the number of days
in hospital prior to surgery but was significantly related to the
number of days in the ICU after surgery.

Our study highlights a higher incidence of Acinetobacter
infection encountered in patients undergoing emergency surgery,
thus highlighting the need for extra care and precaution in these
patients. The overall mortality reported due to Acinetobacter
meningitis is 20%-25 %.24,46In our study, 241103 patients infected
with Acinetobacter died (3.5%).

A ventriculostomy opening or CSF fistula also served as the
portal of entry for the organism in many of the cases cited in the
literature." Likewise, the duration of indwelling ventricular cath-
eters (for >5 days) was found to be an important risk factor in a
prospective epidemiological study of ventriculostomy-related in-
fections among 172consecutive neurosurgical patients." In a study
describing an outbreak ofAcinetobacter bacteraemia, the strongest
risk factor for infection (by logistic regression analysis) was found
to be the number of days of transducer use at the insertion site."

The risk factors which played a significant role in the causation
of Acinetobacter infection in our study were prolonged elective
ventilation (>5 days), prolonged external CSF drainage (>5 days)
through external ventricular drainage catheters, prolonged ind-
welling Foley's catheter (>5 days) and heavy use of antibiotics.
All these factors had independent statistical significance (p<0.OO5).

Another important underlying factor in our patients was the
heavy use of antimicrobial agents in the neurosurgical ICU. Most
probably, this served as a selection factor favouring the growth of
Acinetobacter. The impact of antibiotic use for meningitis due to
other Gram-negative bacilli and for other forms of Acinetobacter
infections has been described elsewhere.21,41Cautious and selec-

tive use of antibiotics is thus critical for the prevention of multi-
drug resistance." For determination of the epidemic nature of a
cluster of cases, various typing methods may be employed.
Biotyping, bacteriocin typing, phage typing and serotyping of
Acinetobacter species have been recently reviewed, in addition to
a few newer methods under investigation.':" There seems to be a
clear relationship between phenotypes for antibiotic resistance
and certain phage types and biotypes."

Our study on postoperative cranial neurosurgicalAcinetobacter
infection is amongst the largest reported series. The study con-
firms the nosocomial nature of Acinetobacter infection. It also
identifies the risk factors which are prolonged elective/supportive
ventilation via endotracheal tube or tracheostomy, external CSF
drainage via exteriorized ventriculoperitoneal shunts or external
ventricular catheters, indwelling Foley's catheter and heavy use of
intra/perioperative antibiotics.

Acinetobacterinfection significantly contributes to postopera-
tive neurosurgical infection. A total of24 patients died among 103
patients who developed Acinetobacter infection. Emergence of
multi-drug resistant strains will be a growing cause of concern for
neurosurgeons and microbiologists dealing with nosocomial in-
fections due to Acinetobacter. Cautious and selective use of
antibiotics; closed CSF drainage systems, early removal of ven-
tricular catheters, CVP lines and indwelling Foley's urinary
catheters; judicious and appropriate postoperative ventilation;
barrier nursing and isolation of infected cases are important
measures for the control of outbreaks of nosocomial infections.
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