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decreases the period of availability of the operating room. The
available time per day was only 5.75 hours, which is unduly short.
This is related to the shortage of anaesthesia and operating room
staff as well as scheduling of postgraduate teaching programmes
in the afternoon.

During the one-year study period, 1773 cases were operated
upon (6.3 cases per day). There was no statistical difference in the
number of cases operated upon during the 3-month period when
the general surgical operation theatres were also used for emer-
gencies for the whole hospital, compared to the remaining 9
months.

The actual operating time during the one-year period was a
mean of 10 hours 31 minutes per day, amounting to 91.5% of the
total available operating time. In a report by Narain et aI., the total
operating time was found to be 82.1% of the total available time.'
The total time actually taken for surgical procedures was 2444
hours and 7 minutes (76.2% of the total available time). Accord-
ing to the National Audit Office study, only 50%-60% of the total
time was utilized in performing surgery." Our figures are better
than this average.

Policy on anaesthesia
As a policy, general anaesthesia was always administered on the
main operating table. However, regional anaesthesia was either
administered in the pre-anaesthetic room or on the main operation
table, depending on the preference of the anaesthetist. An average
of 76.5 minutes per day was used for induction of and recovery
from anaesthesia. Considering that induction of and recovery
from anaesthesia are as important as the surgery itself, the time
utilized for this should not be considered as wasted. However, this
time could have been gained for performing operations if the
induction/recovery from anaesthesia had been performed in the
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anaesthesia room. This should be weighed against the need for
two qualified anaesthetists to alternate between cases and proper
monitoring equipment being available in the anaesthesia induc-
tion/recovery room.

Conclusions
The delay in starting the operating lists was largely avoidable.
Emergency operations done in the same operation theatre after
regular working hours also contributed to a delay the next morn-
ing. However, this can be avoided only if separate emergency
operating rooms are provided.

Overestimation of operating time resulted in wastage of oper-
ating time as the lists finished before schedule. This could have
been avoided by keeping stand-by cases.

Use of the pre-anaesthetic room for induction and reversal of
regional and general anaesthesia can increase the available oper-
ating time by 10%. However, there was negligible delay between
cases. Correction of these factors would increase the available
time for surgery by 18.5% (10% anaesthesia induction time and
8.5% unutilized time) within the current working hours.
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Impaired function of neutrophils in uraemic patients

ABHA SHARMA, A. K. TRIPATHI, O. P. KALRA, ASIT K. CHAKRABARTY

ABSTRACT
Background. Immunodeficiency explains the very high fre-

quency of bacterial infections in patients with chronic renal failure
(CRF), which leads to high mortality and morbidity, despite
improved therapeutic interventions. Among several factors, the
decreased functional capacity of phagocytic leucocytes appears to
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be responsible for the defective host defence mechanisms against
infection in CRF. We evaluated both oxygen-dependent and
oxygen-independent microbicidal activity of neutrophils isolated
from uraemic patients.

Methods. Forty patients with CRF (20 with mild-to-moder-
ate CRF and 20 with advanced CRF) along with 20 age- and sex-
matched healthy controls were studied. The assessment of
phagocytic capability, ability to produce superoxide (02'-) anion
and H202, myeloperoxidase and granule-specific hydrolytic
enzymes such as acid phosphatase, cathepsin 0 and lysozyme
activity of the patient's neutrophils were performed to study their
bactericidal activity.

Results. The phagocytic index (PI) in the control group was
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found to be 50.38 (4.58). It was significantly reduced in both
mild-to-moderate CRF and advanced CRF, as compared to
controls. In mild-to-moderate and advanced CRF patients, 02'-
production by resting polymorphonuclear neutrophils (PMN)
was low. Also, on stimulation with PMA the 02'- production
showed a relative reduction as compared to controls. H202
production by resting PMN from CRF patients was unaltered but
on stimulation with PMA, the quantum of increase was signifi-
cantly lower. A marked reduction in the level of intracellular
myeloperoxidase activity in PMN was noted in CRF patients. Of
the three intracellular lysosomal enzymes assayed, cathepsin D
level was increased in the PMN of mild-to-moderate CRF
patients; acid phosphatase level was elevated significantly in the
PMN of both mild-to-moderate and advanced CRF patients.
However, no change in lysozyme levels was observed.

Condusion. With increasing severity of uraemia, neutrophils
from uraemic patients showed progressive impairment of phago-
cytic ability. Impairment of oxygen-dependent microbicidal
mechanisms was indicated by a decrease in 02'- and H202
production. Increased activity of lysosomal enzymes such as
cathepsin D and acid phosphatase suggest a state of neutrophil
activation in uraemia. It is likely that the immunodeficiency state
in uraemics is partly due to reduced bactericidal activity of the
neutrophil cell population.
Natl Med J India 2000; t 3: t 2 t-4

INTRODUCTION
The presence of uraemia renders the host more susceptible to
bacterial infections especially in the late stages. Despite improved
therapeutic interventions, immunodeficiency is likely to be res-
ponsible for the high frequency of bacterial infections in patients
with chronic renal failure (CRF), leading to a high mortality and
morbidity. 1 This immunodeficient state is a serious clinical prob-
lem in the day-to-day management of patients with CRF.2 Al-
though several factors playa role in the defective host defence
against infection in CRF, neutrophil dysfunction is believed to be
at least partly responsible for this.v' Neutrophil functions for non-
specific host defence mechanisms such as chemotaxis, phagocy-
tosis and bactericidal activity, respiratory burst, have been stud-
ied in uraemic patients."? The results of phagocytic capability of
polymorphonuclear neutrophils (PMN) from uraemics are con-
flicting and the killing mechanism involved is not well under-
stood. Therefore, the phagocytic capacity of PMN, oxygen-
dependent bactericidal mechanism through superoxide and hy-
drogen peroxide production, and oxygen-independent intracellu-
lar killing mechanism mediated through lysosomal enzymes were
investigated in PMN from uraemic patients. In addition, attempts
were made to find out any correlation between the severity of
uraemia and degree of dysfunction of microbicidal mechanisms.

PATIENTS AND METHODS
A total of 40 patients, aged 16 to 55 years attending the renal clinic
in Guru Teg Bahadur Hospital, Delhi were included in the study
along with 20 age- and sex-matched controls. Thus, there were
three groups:

Group I: 20 healthy controls
Group II: Patients with mild-to-moderate CRF [serum creatinine

2-6 mg/dl, mean (SD) 3.67 (0.87) mg/dl; and mean (SD) urea
99.l (29.4) mg/dl]

Group III: Patients with severe CRF [serum creatinine >6 mg/dl,
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mean (SD) 13.13 (3.74) mg/dl and mean (SD) urea 148.4
(16.9) rng/dl].

Patients undergoing dialysis and those with diabetic nephro-
pathy were excluded from the study. The other exclusion criteria
were history of autoimmune disorder, acute or chronic infection,
malignancy, haematological disorders and liver disease. The total
leucocyte counts for all the groups were comparable and the
differential leucocyte count did not show either neutrophilia or
neutropenia.

Heparinized venous blood (10 ml) was collected in the morn-
ing from the patients. Neutrophils were isolated from the blood
specimen after erythrocyte gravity sedimentation in dextran fol-
lowed by Ficoll hypaque centrifugation and hypotonic lysis." The
neutrophils were then counted in a haemocytometer and sus-
pended in HBSS to a concentration of lOx 106 cells/mi. Differen-
tial cell count after Wright's stain revealed >96% PMN. Cell
viability was assessed by trypan blue exclusion and the yield
contained at least 95% viable cells.

The phagocytic function of neutrophils was evaluated by
following the uptake of Candida albicans. The cell suspension
was incubated with Candida albicans at 37°C for 30 minutes,
followed by removal of bacteria that were not ingested by low-
speed centrifugation. A May-Grunwald Giemsa smear of the
pelleted PMN was scored under oil immersion for percentage of
leucocytes containing Candida by examining at least 200 PMN
and expressed as the percentage of neutrophils that had ingested
more than 2 Candida albicans?

The capacity of neutrophils to produce reactive oxygen spe-
cies by resting as well as PMA-stimulated cells (1 Jlg/106 PMN)
was assayed by estimation of 02'- and HP2 production. Super-
oxide anion production was estimated by superoxide dismutase
inhibitable reduction of ferricytochrome C.IOThe production of
HP2 by PMN was assayed by the formation of ferrithiocyanate
complex H202.
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Lysates of neutrophils from different groups were prepared for
enzyme assay. Intracellular myeloperoxidase activity was deter-
mined by the O-dianisidine method. Acid phosphatase activity
was assayed by hydrolysis of 4-nitro phenyl phosphate and
cathepsin D by following hydrolysis of urea-denatured haemo-
globin. Lysozyme estimation was based on the lysis of a suspen-
sion of freeze-dried Micrococcus luteus.

Statistical evaluation of the data for significance was done by
the Student t-test.

RESULTS
The mean (SD) phagocytic index (PI) in the control group was
50.38 (4.58) (Table I). In both groups of uraemics, there was a
significant decrease in the number of neutrophils involved in
phagocytosis. Patients with mild-to-moderate CRF were found to
have a PI of 77% of the control value while patients with severe
CRF were found to have a PI of 66% of the control value.

Table II shows the results of production of oxygen-free radi-
cals including superoxide anion and hydrogen peroxide by resting
PMN as well as PMA-stimulated PMN. It was observed that the
amount of 02- released by unstimulated neutrophils increased
markedly upon PMA stimulation. The resting 02- production by
PMN obtained in mild-to-moderate as well as severe CRF was
found to be lower than that of controls (p<0.001). Stimulation of
neutrophils from these patients resulted in an increase in 02'-
production but the rise was lower than that in controls. The H202
production by resting PMN obtained either from mild-to-moder-
ate or severe CRF patients was found to be depressed as compared
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TABLE I. Neutrophil phagocytic index of control and CRF patients

Study group Mean (SD) phagocytic index* % of control value

Control
Mild-to-moderate CRF
Severe CRF

50.38 (4.58)
38.97 (2.99)t
33.14 (5.99)t

77 (6)
66 (12)

CRF chronic renal failure *Expressed as percentage of polymorphonuclear
neutrophils that have ingested more than 2 Candida albicans during 30-minute
incubation period in an assay mixture containing HBSSand 10% autologous serum.
A significant decrease (p<O.OOI) in the phagocytic index was observed in
neutrophils from CRF patients * p<O.OI v. control

to controls but this was not statistically significant. On PMA
stimulation', HP2 production by control PMN increased from 5
nmol in the resting state to 19.85 nmol, a 4-fold increase. The
quantum of increase in HP2 production on PMA stimulation in
both groups of CRF patients was about 2.5-fold. Both groups of
uraemics showed a significant reduction of cellular myeloperoxi-
dase levels in PMN in comparison to the control group.

There was a significant increase in the level of cathepsin D in
the PMN of mild-to-moderate CRF patients (Table III). However,
in the PMN of severe CRF patients, the increase in cathepsin D
level was found to be statistically insignificant. There was statis-
tically significant (p<O.OOl)rise in the level of acid phosphatase
in neutrophils of both groups of CRF patients. The level of PMN
lysozyme in the PMN with respect to controls did not show any
appreciable increase or decrease.

DISCUSSION
Polymorphonuclear neutrophils playa pivotal role as effectors of
host defence against bacterial infection. They carry out their
protective function through phagocytic activity followed by kill-
ing of invading microorganisms by oxygen-dependent and
-independent microbicidal mechanisms. The oxygen-dependent
mechanism includes production of several oxygen metabolites
such as superoxide anion, hydrogen peroxide, hydroxyl radical
and also HOCI acting through the Hp2-myeloperoxidase-halide
system." The oxygen-independent mechanisms constitute intra-
cellular killing by lysosomal hydrolases and the antibiotic pro-
teins of neutrophils."

Phagocytic functions of neutrophils of uraemic patients have
been subjected to extensive study by several workers. Our study
clearly indicates a derangement in the PI. It was low in mild-to-
moderate CRF and decreased significantly in severe CRF patients
as compared to controls. This indicates a positive correlation
between the severity of uraemia and its effect on the phagocytic
process. Our results are in accordance with those obtained from
several others who demonstrated depressed phagocytic function
and intracellular killing in end-stage renal disease (ESRD).7.14,15
However, in a few other studies neutrophils from patients with

TABLE III. Intracellular lysozyme, cathepsin D and acid phospha-
tase activity of polymorphonuclear neutrophils in controls and
CRF patients

Study group Lysozyme
(UIIO· cell)

Cathepsin D
(VIIO· cells)

Acid phosphatase
(pmol/Ifl" cells)

Control 4,22 (0,62)
Mild-to-moderate CRF 4.34 (0.46)
Severe CRF 4.22 (0.47)

1.99 (0.54)
2.62 (0.53)*
2.33 (0.81)

41.00 (8.18)
53.47 (8.06)*
51.13 (8.60)*

CRF chronic renal failure * p<O.OOI v. control

renal failure exhibited normal phagocytic activity." In a recent
report, Vanholder et at. demonstrated depressed phagocytic ac-
tivity of normal neutrophils when incubated in uraemic plasma
and concluded that uraemic toxins may depress polymorpho-
nuclear cell response to phagocytosis. 16

The present study shows superoxide production from resting
PMN to be significantly depressed in both mild-to-moderate and
severe CRF patients (Table II). While PMA stimulation enhanced
02'- production in both patients and controls, the overall 02'-
production after stimulation was significantly lower (p<O.OOl)in
both groups of CRF patients. The results indicate neutrophil
dysfunction in 02- production by resting as well as stimulated
PMN. An inadequate increase in superoxide production can
explain the increased susceptibility to infection in uraemic pa-
tients. Similar results were also reported by Ritchey et at. using
superoxide dismutase-inhibitable ferricytochrome C reduction.'
The same author and others, using chemiluminescence as a
measure of oxidative burst, have shown that PMN from ESRD
patients showed an increase in superoxide anion production.'-"
Ward and McLeish have shown that receptor-mediated respira-
tory burst is enhanced in the PMN of uraemic patients. However,
no change in respiratory burst could be observed when neutro-
phils were treated with PMA or TNF-a.1S .

The mechanism of suppression of the superoxide producing
system is not clearly understood. Diminished production of
superoxide anion is likely to result from impaired energy delivery
by the HMP shunt pathway to the NADPH-oxidase system."
Changes in HP2 production too, followed a pattern similar to that
of 02'- production. Since 02'- and HP2 production are interlinked,
the results of 02'- and HP2 production are corroborative. Porter et
at. reported that PMN from conservatively treated severe CRF
patients demonstrated reduced production of intracellular HP2.19
Myeloperoxidase is the enzyme which augments oxygen-depen-
dent bacterial killing by the production of more potent reactive
radicals such as HOCI acting through the HP2 -myeloperoxidase-
halide system. The results of myeloperoxidase estimation of PMN
in uraemics showed a significant decrease as compared to con-
trols. The diminished production of myeloperoxidase along with

TABLE II. Superoxide anion (02'-)' hydrogen peroxide (HP2) production and intracellular myeloperoxidase activity
of polymorphonuclear neutrophils isolated from controls and patients with chronic renal failure

Study °2- production H,02 production Myeloperoxidase
nmol/Itf cellllO minutes nmoIl2.5xI0· celll15 minutes VII O· ceillminutes

Resting PMA-stimulated Resting PMA-stimulated

2.44 (0.14) 4.68 (0.96) 5.02 (1.94) 19.85 (3.85) 5.30 (1.12)
1.55 (0.43)* 2.86 (0.43)* 3.88 (0.63) 10.72 (2.72)* 4.19 (1.62)t
1.60 (0.44)* 3.71 (0.66)* 4.90 (1.07) 12.01 (2.52) 3.73 (1.51)*

Control
Mild-to-moderate CRF
Severe CRF

All figures are mean (SE) * p<O.OOI t p<O.OI v. controlCRF chronic renal failure
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HP2 and O2- by uraemics may also be responsible for impaired
bactericidal activity.

Lysosomal enzymes which are responsible for bactericidal
killing within the phagolysosomes are involved in oxygen-inde-
pendent microbicidal mechanisms of PMN and are associated
with digestion of killed microbes. Stinavage et at. 20 have demon-
strated that under anaerobic conditions lysosomal enzymes in
neutrophils are involved in the killing of S. typhimurium. We
recorded enhanced activity of cathepsin D and acid phosphatase
in the PMN of CRF patients compared to controls. The lysozyme
level was found to be unaltered in our study. Cohen et at. have
shown that degranulation of PMN is impaired in uraemic
patients.' This is likely to explain the increased levels of intra-
cellular lysosomal proteases observed in the PMN of uraemics in
our study.

Our results indicate that defective PMN function may be the
basis of immune dysfunction in uraemic patients. Little is known
about the mechanism leading to neutrophil dysfunction. How-
ever, Vanholder et at. have identified the presence of two different
compounds in the plasma of uraemic patients that depress the
hexose monophosphate shunt activity relating to phagocytosis-
associated respiratory burst in neutrophils." Cohen et at. sug-
gested that the presence of p-cresol in uraemic serum impairs the
respiratory burst activity of PMN.4 However, the definite mecha-
nism which causes neutrophil dysfunction in uraemic patients is
not yet known.
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Knowledge and attitudes of rural adolescent girls regarding
reproducti ve health issues

D. PATTANAIK, J. LOBO, S. K. KAPOOR, P. S. N. MENON

ABSTRACT
Background. Adolescent girls (10-19 years old) comprise

about 22% of women in India. They are the mothers of
tomorrow and the burden of planned reproduction rests on
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them. Yet very little is known about their knowledge and attitudes
towards reproductive health issues-a crucial aspect if India is to
achieve the net reproduction rate of 1 by AD 2016. This study
aimed to gather information on areas required for the planning
of family life education strategies.

Methods. This cross-sectional study was conducted in the
government schools and anganwadi premises of three villages of
the primary health centre, Chhainsa, under the Comprehensive
Rural Health Services Project Area (CRHSP), 8allabgarh, Haryana.
The participants were 254 girls aged 13 to 17 years, who had


