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Audit of operation theatre utilization in general surgery

K. VINUKONDAIAH, N. ANANTHAKRISHNAN, M. RAVISHANKAR

ABSTRACT
8.Jckground. The operation theatre complex of a hospital

represents an area of considerable expenditure in a hospital
budget and requires maximal utilization to ensure optimum cost-
benefit. There is paucity of data in India on the use of available
operating time and the reasons for less-than-optimal utilization
have not been studied.

Methods. This audit was done prospectively over a period of
12 months in the department of general surgery, Jawaharlal
Institute of Postgraduate Medical Education and Research,
Pondicherry. Operation theatre utilization was studied with res-
pect to the starting and closing of the operation theatre, interval
between surgical procedures, cancellation of surgical procedures
and reasons thereof.

Results. The operation theatre was functional for 279 days
during the year of the study, and 1773 cases were operated (6.3
cases per day). The total operating time utilized was 91 .5%. The
major reasons for cancellation of a total of 3 10 cases were lack
of operating time (65.2%), emergency surgery during the
elective list (13.9%), and preoperative lack of fitness (1 1.3%).
Among all the lists, 43.6% started late and 63.6% of lists
finished well before the scheduled closing time. Absence of
monitoring equipment and non-availability of additional qualified
anaesthetists necessitated induction of anaesthesia in the main
operating room and accounted for 1 1% of the total operating
time.

Condusion. Delay in starting lists, under-scheduling, inter-
ruption due to emergency surgeries, administrative reasons,
induction of anaesthesia and recovery policies are the main factors
that account for inefficient use of operating facilities. The correc-
tion of these factors would increase the available operating time
by nearly 20%.
Nad Med J India 2000; 13: 1 18-21

INTRODUCTION
Surgical audit is the study of the structure, process or outcome of
surgical care, carried out by those engaged in the activity con-
cerned, to measure whether the set objectives have been attained
and thus assess the quality of health care delivery.' It is an
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essential component of quality assurance in surgery, particularly
in the developing world where resources are limited.

The operation theatre complex is a costly component of a
hospital budget expenditure. This area of hospital activity re-
quires maximum utilization to ensure optimum cost-benefit. To
achieve a high level of utilization in the operation theatre, it is
necessary to efficiently coordinate a number of activities and
personnel.

There are no audits from India on the efficiency of use of
operating time and the reasons for suboptimal utilization. The
present study was carried out to find out how efficiently operating
time was utilized in a major teaching hospital and to identify
areas, if any, where improvements are feasible.

METHODS
This audit was done prospectively from April 1996 to March 1997
in the Department of General Surgery, Jawaharlal Institute of
Postgraduate Medical Education and Research (JIPMER),
Pondicherry. JIPMER is a tertiary care teaching hospital with 870
beds, of which 125 beds are earmarked for general surgery. One
twin operating theatre suite is allotted 6 days in a week to the
department. The scheduled elective theatre timings are 8.15 a.m.
to 2.00 p.m. with no scheduled break. Thus, there are 345 minutes
per operating room or 690 minutes per day available. A pre-anaes-
thetic room is attached to each operating room for induction and
reversal of anaesthesia.

The proportion of work done by consultants and residents is
variable and depends on the nature of scheduled cases. Each
operating theatre has a separate team of anaesthetists with a
common consultant for the twin suite. The surgical wards are on
the same floor and 2-3 porters are responsible for moving patients
to and from the wards to the operation theatres. The operating
theatre works 6 days a week throughout the year except on public
holidays. The actual starting time as opposed to the scheduled
starting time was taken as the time the patient was shifted into the
operation theatre. Between July and September 1996 (3 months),
the operation theatres allocated to the department were also used
for emergency surgery for the entire hospital between 2 p.m. and
8 a.m. the following day. However, during the entire year, carry-
over emergencies of the department were taken up in the same
operating theatre whenever necessary. Therefore, we also attemp-
ted to quantitate the effect of emergencies on routine operating
lists.

Major cases were defined as any surgical procedure done
under regional/general anaesthesia, whereas minor cases were
those done under local anaesthesia. Minor cases included rever-
sion of hydrocele, skin grafts, excision of lipoma, etc. Minor out-
patient procedures were done in a separate operation theatre and
were not included in the study.
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Two lists were prepared daily, one for each operation theatre.
All patients who were listed for elective surgery the previous day
were included in the study. Surgeons were questioned regarding
the estimated duration of surgery prior to the procedure. The
actual time taken was obtained from the case records. If an
operation was cancelled, the reason for the same was recorded.
The above data were filled up by the operating surgeon for that
particular case on a detailed proforma. Since the data collection
was undertaken prospectively by a single investigator (KV) on a
day-to-day basis, the records used for this study were reliable. In
addition, operation theatre utilization was studied with respect to
starting and closing time of the operation room and the interval
between surgical procedures.

RESULTS
The operation theatres under study functioned for 279 days during
the year and being twin theatres, 558 elective lists were scheduled.

A total of 1773 cases were operated upon during this time
(Table I). Of these, 980 (55.3%) were under general anaesthesia,
762 (43%) under spinal anaesthesia, 13 under epidural anaesthe-
sia and 18 under local anaesthesia. Spinal anaesthesia was given
either in the anaesthetic room or on the main table itself, depend-
ing on the preference of the anaesthetist. Of the 762 proced~res
done under spinal anaesthesia, in only 247 (32.4%) was spmal
anaesthesia given in the anaesthetic room.

If the starting of anaesthesia was taken as the commencement
of actual operative work, 245 out of 558 lists (43.6%) started later
than the scheduled time. Delay in the patient being brought to the
operating theatre due to various causes such as incomplete ward
preparation, late premedication and delay in sending a stretcher
accounted for 80.4% of this time. Delay in starting due to emer-
gency operations from the previous night continuing beyond 8
a.m. accounted for 17.1%. Other causes such as power cuts, etc.
accounted for only 2.5% of the delay.

One hundred and sixty-two out of 558 lists (29%) finished
earlier than 1.30 p.m. (Table II). This amounted to an annual total
of 191 hours and 30 minutes (6% of the total available time of
3208.5 hours). Some of the above loss of time was unavoidable
because of a change in the surgery planned; for example, if a
tumour was found to be inoperable, a bypass or palliative surgical
procedure was performed instead of a curative resection. This
problem could have been tackled by keeping stand-by cases on the
operating list.

TABLE 1. Mean number of operations done per day in each month

Month Working days Total operations Mean number of
operations per day

1996 April 17 102 6.0
May 24 166 6.9
June 25 178 7.1
July 26 167 6.4
August 26 162 6.2
September 24 133 5.5
October 23 144 6.3
November 24 158 6.6
December 23 132 5.7

1997 January 23 149 6.5
February 22 141 6.4
March 22 141 6.4

Total 279 1773 6.3

Mean number of operations per day during July-September 1996 6.1
Mean number of operations per day in the remaining 9 months 6.5 p>O.05
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Reasons n (%)

Cases finishing just before 1.30 p.m.
Scheduled operation theatre lists completed
Others

Total

37 (22.8)
103 (63.6)
22 (13.6)
162 (100)

The total induction time for general anaesthesia per day was
about 45 minutes while for regional anaesthesia it was about 11.5
minutes. Only one-third of patients were given regional anaesthe-
sia in the anaesthetic room. Had all the regional cases been done
in the anaesthetic room, 23 minutes per day would have been
saved. Approximately 68 minutes (45+23) amounting to 10% of
total available operating time per day would have been saved if
induction of general and regional anaesthesia was done in the
anaesthetic room.

The total operating time used during the study was 2935 hours
and 38 minutes (mean of 10 hours and 31 minutes per day),
accounting for 91.5% of the total available operating time (Table
III). The total time utilized by the surgical procedures alone was
2444 hours and 7 minutes (mean of 8 hours and 46 minutes per
day), accounting for 76.2% of the total time. The time taken by the
anaesthetist for induction and reversal anaesthesia was 428 hours
and 16 minutes, accounting for 13.3% of the total available time.

The interval between cases was used for shifting the patient out
of the operation theatre, cleaning and changing of linen on ~he
operation table and shifting the next patient onto the operation
table. About 5 minutes was taken as the maximum permissible
interval between cases. The interval between cases was a mean of
3 minutes and 13 seconds only and was well within permissible
limits.

Three hundred and ten cases (14.3%) were cancelled (Table
IV). Lack of operating time was the single most important factor
and accounted for 65.2% of cancellations. Emergency surgeries
during the elective lists accounted for 43 cancellations (13.9%).
This interrupted 8% of elective lists.

During July-September 1996, the general surgical operation
theatres were available for all emergency services for the whole
hospital after 2 p.m. Hence, during these 3 months the utili~ati?n
of operation theatre time was studied separately to compare ItWIth
the operation theatre utilization for the remaining 9 months.

There was delayed starting of operation theatre lists because
emergencies were taken up till 8 a.m. Hence, the operation thea-
tres were cleaned only in the morning, accounting for a delay in
starting operations. Ninety-five out of 152 lists started late (62.5)
in the 3-month period between July and September 1996, whereas
only 150 of 406 (37.5%) lists started late in the remaining 9
months. This difference was statistically significant (p<0.05).
During this period, there were 17.8% cancellations, while in the
remaining 9 months these were 13%. This difference was also
significant (p<0.05). The total operating time and total surgical
time were similar in both periods.

DISCUSSION
One area that requires optimal utilization is the operation theatre
of a hospital. An audit helps in identifing situations where modi-
fications might result in more efficient use of available operating
time.

Cancellations
Inefficient scheduling of operation theatre time often results in
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TABLE III. Detailed break-up of utilization of operation theatre time

Month Total availabletime* Total operatingtime Surgicaltime Anaesthetictime Intervalbetweencases Timewasted

1996 April 195 hr 30 min 174 hr 46' (89.3) 154 hr 19, (78.9) 17 hr 16' (8.8) 3 hr 11' (1.6) 20 hr 44' (10.7)
May 276 hr 0 min 261 hr 04' (94.6) 217 hr 19' (78.7) 36 hr 53' (13.4) 6 hr 52' (2.5) 14 hr 56' (5.4)
June 287 hr 30 min 265 hr 02' (75.5) 217 hr 02' (75.2) 39 hr 47'(13.8) 8 hr 52' (3.1) 21 hr 49' (7.6)
July 299 hr 0 min 274 hr 58' (92.0) 224 hr 52' (75.2) 42 hr 44' (14.3) 7 hr 22' (2.5) 24 hr 02' (8.0)
August 299 hr 0 min 272 hr 01' (91.0) 225 hr II' (75.4) 38 hr 18' (12.8) 8 hr 32' (2.8) 26 hr 59' (9.0)
September 276 hr 0 min 242 hr 01' (87.7) 199 hr 25' (72.2) 37 hr 10' (13.5) 5 hr 25' (2.0) 33 hr 59' (12.3)
October 264 hr 30 min 251 hr 00' (94.9) 203 hr 04' (76.7) 42 hr 37' (16.1) 5 hr 19' (2.0) 13 hr 30' (5.1)
November 276 hr 0 min 261 hr 42' (94.8) 218 hr 44' (79.2) 40 hr 35' (14) 2 hr 23' (0.9) 9 hr 33' (6.4)
December 264 hr 30 min 233 hr 36' (88.3) 196 hr 40' (74.3) 33 hr 04' (12.5) 3 hr 23' (1.5) 30 hr 54' (11.7)

1997 January 264 hr 30 min 241 hr 12' (91.2) 202 hr 31' (76.6) 34 hr 32' (13.0) 4 hr 09' (1.6) 23 hr 18' (8.8)
February 253 hr 0 min 219 hr 02' (86.6) 184 hr 25' (72.9) 30 hr 54' (12.2) 3 hr 43' (1.5) 33 hr 58' (13.4)
March 253 hr 0 min 238 hr 36' (94.3) 198 hr 35' (78.5) 34 hr 36' (13.7) 5 hr 25' (2.1) 14 hr 18' (5.2)

Total 3208 hr 30 min 2935 hr 38'(91.5) 2444 hr 07'(76.2) 428 hr 16 (13.3) 65 hr 05'(2.0) 272 hr 52'(8.5)

* @ 690 minutes/day Figures in parentheses are percentages

TABLE IV. Reasons for cancellation of cases

Reasonfor cancellation n %

Lackof fitness 35 11.3
Lackof time 202 65.2
Urgentrepairwork 7 2.3
Emergencysurgeries 43 13.9
Non-attendance 5 1.6

Lackof linen 13 4.2
Consentrefused 2 0.6
Lackof blood 3 0.9

Total 310 100.0

delay or cancellation of surgical procedures. This increases the
cost of patient care in the hospital and also results in monetary loss
to the patient as he/she is away from work. Cancellation also
results in psychological trauma to patients, as they have to
undergo the preoperative mental and clinical preparation again.

Lacqua and Evans prospectively reviewed 1068 elective cases
that resulted in 184 (17%) cancellations. For outpatient surgery,
urology had significantly more, and orthopaedic and paediatric
surgery significantly fewer cancellations. For inpatient surgery,
plastic surgery had significantly more and orthopaedic surgery
and obstetrics and gynaecology significantly fewer cancellations.
Lack of medical clearance and outpatient 'no shows' accounted
for the majority of avoidable cancellations. They concluded that
cancellation of cases could be decreased by improved preopera-
tive patient evaluation, improved communication between the
physician and the patient and a modified schedule design.'

Brewer evaluated the utilization of operation theatres in an
academic 2000-bed hospital and found a cancellation rate of 8%.3

Hand and Lavin reviewed the causes of cancelled elective
surgery in a community hospital. Over a 6-month period, during
which 4100 operating room procedures were completed, cancel-
lations occurred in 13% of those scheduled for outpatient and 17%
of those scheduled for inpatient surgery. Dental procedures had
significantly higher rates of cancellation among outpatient proce-
dures and cardiovascular surgical procedures had significantly
higher rates of cancellation among inpatient procedures. A chart
review of cancelled inpatient cases showed that 43% were due to
administrative reasons, with unsigned consent form being the
most common cause. Medical factors were responsible for the
remaining cases.' Yet another study from the South Devon Health

Care Trust carried out over a 6-month period found that 3.8% of
time was lost between cases; 76 out of 78 lists started later than
usual.5

In our study, a total of3lO (14.9%) cases were cancelled during
the one-year period. Lack of operating time was the single most
important factor for cancellation of cases (65.2%). This was
mainly because surgeons took longer than the estimated duration
of surgery. As this hospital is a teaching hospital and operations
were done by surgeons with different levels of experience, the
time taken for a procedure varied, making it difficult to predict the
duration of surgery.

Forty-six emergency surgeries were done during the one-year
period, interrupting about 8% of elective lists and resulting in 43
(13.9% ) cancellations. The interruption of routine lists could have
been avoided if there was a separate emergency operation theatre.
Thirty-five (11.3%) cases were cancelled due to lack of fitness of
the patient detected during pre-anaesthetic examination. A better
preoperative assessment at the outpatient visit of the patient can
eliminate such cancellations. Our cancellation rate is similar to
that in other studies.>'

Use of the same operating rooms for emergency surgery for the
whole hospital
Having the same operating rooms for emergency surgery from 2
p.m. to 8 a.m. significantly affected both starting time and cancel-
lations. During this 3-month period, 62.5% of lists started late as
opposed to 37.5% in the remaining 9 months (p<0.05). However,
the output during the 3-month emergency period at 6.1 cases per
day was not significantly different from the 6.5 cases per day
during the remaining period (p>0.05).

Late start
More than 40% of the lists started much later than the scheduled
time. The causes for this (such as delay in preparation of the
patients in the ward, administering premedication or transporting
the patient from the ward to the operating room) are all correct-
able. Attention to this problem would increase the utilization of
available operating time. Undue delay between cases did not
account for any wastage of operating time.

Operating time
The operating time at this hospital vis-a-vis other centres in India
and abroad is restricted. Also, the number of public holidays
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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 al., 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.

REFERENCES
I Sheldon MG. Medical audit in general practice. In: Royal College of General

Practitioners Occasional Paper 1982;20:1-21.
2 Lacqua MJ, Evans JT. Cancelled elective surgery-An evaluation. Am Surg

1994;60:809-11.
3 Brewer AM. Monitoring the cost-effective use of operation theatres. Nursing RSA

1994;9:21-3.
4 Hand R, Levin P. The causes of cancelled elective surgery. Qual Assur Utilization

Rev 1990;5:2-6.
5 Narain P, Tackley R, Lee M, Clyne CAe. A computer audit of the use of theatre time

by a surgical team. Surgical Audit 1998;10:166--8.
6 National Audit Office. Use of operating theatres in the National Health Service.

London:HMSO, 1987 (Report 143).

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


