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Abstract
To examine fluctuations in numbers of patients on
surgical wards the dates of admission and discharge
of each of the 5556 patients admitted from 1 January
1985 to 31 December 1987 were examined during
computerised audit of a single surgical firm. The
numbers of patients under the care of the firm
fluctuated widely, often exceeding the 38 beds
nominaliy available. Duration of stay varied from
two days or less (3062 admissions) to more than a
month (163 admissions). One patient was in hospital
for 278 days. The patients admitted for more than a
month (2-9% of the total) filled 28% of the beds; not
all these patients were elderly.
A further increase in throughput ofpatients under-

going elective operations might be achieved by
always admitting patients on the day of operation,
and perhaps by discharging patients even sooner
than at present. Efficiency would increase but so
would overall costs.

Introduction
An efficient surgical service should have a high

throughput of patients and a low rate of cancellation. It
is difficult to run: during a lull the beds and lists seem
wastefully underused, and during a spate of emergen-
cies elective operations have to be cancelled. These
fluctuations have received scant attention. In 1984 we
set up a computer system for audit on our general
surgical firm, which has special interests in vascular
and oesophageal surgery. We looked at records for
1985, 1986, and 1987 to see how the load on the wards
fluctuated and to find where economies might be made

to preserve the service should financial stringency
demand a cut in the number of beds.

Data collection
For all inpatients and for patients having operations

on an outpatient or day case basis house surgeons
recorded the following details on a microcomputer: the
hospital number; surname; sex; age; consultant in
charge; whether admission was emergency or elective;
date of admission or transfer; date of discharge,
transfer, or death; and up to four diagnoses, complica-
tions, and operations. These data were checked at the
weekly meeting of the whole firm (two consultants, a
senior registrar, a registrar, and three house surgeons)
at which we review our work; diagnoses were modified
as necessary each week until the patients were dis-
charged. Programs to analyse the data were written.

This paper deals with patient episodes; any patient
appears as many times as he or she was admitted during
the study. Duration of stay was calculated as zero days
if the patient was discharged on the date of admission,
one day if discharge was on the day after admission,
and so on. As this does not allow estimation of the
number ofbeds required for day cases we assumed that
for a stay of zero days the requirement was 0 5 bed
day.

Results and discussion
NUMBERS OF ADMISSIONS AND BEDS USED

From 1 January 1985 to 31 December 1987 there
were 5556 admissions. Table I shows that the number
of emergencies rose by 18-8% and of elective opera-
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TABLE I-Numbers ofadmissions, mean length ofstay, and use ofbeds

1985 1986 1987 Total

No of admissions* 1698 1882 1976 5556
Emergencies 743 710 883 2336
Elective cases 955 1172 1093 3220

Mean stay (days):
Emergencies 7-2 6-3 7-4 7-0
Elective cases 4-2 5 6 4-3 4-8

No ofbed days 9379 11106 11 278 31 763
Emergencies 5375 4502 6573 16 450
Elective cases 4004 6604 4705 15 313

*Includes outpatient operations.

tions by 14 5% over this period. Patients admitted for
emergency operations accounted for 42% of those
admitted, stayed longer in hospital than patients
undergoing elective operations, and accounted for 52%
of the bed use. The average number of beds in use each
day (34 5) was marginally below the nominal allocation
of 38, but this average conceals fluctuations. These
fluctuations determine when crises occur.
Bed use day by day for three years was reconstructed

from dates of admission and discharge. Figure 1 shows
numbers of beds used each day for one year starting 1
August 1986. The beds required for elective admis-
sions showed a weekly periodicity not shown by the
requirements for emergency cases. This reflects the
fact that our firm has routine lists on the same days each
week but takes emergencies on different days in a six
week cycle. The number of beds used fluctuated
considerably, with peaks 20 or even 30 beds above the
troughs. Over the Christmas period elective operations
stopped and only five patients admitted as emergencies
and 10 other patients were left in our wards.

It is often suggested that elective admissions should
be planned so that capacity for emergencies is avail-

Q

.0

0

0

z

able, and this is the policy of the surgical division in our
hospital. If this policy had been strictly applied we
could not have approached our actual workload.
Emergency admissions in a single day varied from none
to 14, or exceptionally 28 (after a riot in Tottenham).
Figure 2 shows that 38 beds would have been adequate
for our actual practice only 68% of the time, 49 beds
95% of the time, and 51 beds 99% of the time. Loss of
beds would obviously have a deleterious effect on
service.
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FIG 2-Proportion of days on which a given allocation of beds would
have been inadequate. Nominal allocation was 38 beds

Flexible use of a pool of vacant beds in the hospital
allowed more than 38 beds to be occupied by the firm's
patients on many occasions. This pool was accumu-
lated from vacant beds allocated to all surgical (and
sometimes medical) specialties. For the past three
years maintaining this pool of vacant beds has
depended on a general policy of early discharge. The
larger the pool the more effectively fluctuations in bed
requirements can be buffered for emergencies, which
are unpredictable in terms of both severity of disease
and time of the patient's arrival. Emergency cases,
however, increased by 19% in three years: What if the
increase in emergencies should squeeze out elective
surgery and lead to an ever lengthening waiting list? So
far this has been avoided at our hospital.
As the waiting list lengthens surgeons are tempted

to retain control by keeping patients in "only till
tomorrow." This compromises the efficiency of the
whole hospital, and the waiting lists grow even more.
As an example, to keep in for one extra day all 1127
patients who stayed for five to 15 days in 1985-7 would
lengthen the waiting list by perhaps 235 patients over
three years. Vacant beds are required to take the
varying numbers of emergencies; filling these beds
with patients having elective operations would increase
the likelihood that a surge of emergencies would cause
a bed crisis. The cancellation of booked admissions
would follow, with distress to patients and a great deal
of extra work for staff.
On a wider scale, where more than one hospital

serves a population protection of beds for elective
cases in one hospital overloads other hospitals with
emergencies and compromises their ability to contain
their waiting lists. This has implications for any
internal market arrangement in the NHS.

INCREASING THROUGHPUT

We looked to see how beds might be saved, a faster
throughput of patients achieved, and the day of
breakdown deferred. The throughput of patients that
has already been achieved suggests that the scope for
improvement is limited. With 38 available beds (or
with the mean of 34 5 beds used) the throughput was
48-7 (or 53 7) patients per bed each year. Table II
shows the length of stay of patients admitted for
emergency and elective operations in 1985-7. The
trends for the individual years were similar. Many
patients admitted as an emergency (962; 41-2%) and
most admitted electively (2100; 65-2%) stayed for two
days or less. Day cases accounted for halfofthe elective

BMJ VOLUME 297 26 NOVEMBER 1988
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FIG 1-Numbers of beds occupied each day for one year starting I August 1986. Each day case required
0-5 bed day. Surgical service was minimised over Christmas (week 22)
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TABLE iI-DistnIbution of length of hospital stay ofsurgical patients

Emergency admissions Elective admissions
No of days (n=2336) (n=3220)

0 135 1036
1 482 343
2 345 721
3 288 252
4 223 136
5 117 87
6 98 68
7 87 69
8 64 51
9 54 59
10 40 31
1 1 46 40
1 2 45 26
1 3 27 20
14 31 30
15 28 15
16 20 16
17 19 14
18 17 18
19 10 9
20 11 23
21 8 16
22 12 7
23 2 9
24 6 3
25 9 7
26 9 5
27 4 10
28 7 7
29 6 6
30 6 3

>30 80 83

Mean (davs) 7 0 4*8

patients. Nevertheless, 80 (3 4%) patients admitted as
an emergency and 83 (2-6%) elective patients stayed in
hospital for more than 30 days.
What could be done to shorten stays without

endangering patients? Would it, for example, be worth
while always to admit patients having elective opera-
tions on the day of operation, so reducing their stay in
hospital by one day? There were 1676 patients who
came for elective operations and stayed one to seven
days; thus 1676 bed days might have been saved over
three years (1-5 empty beds a day), which would allow
for perhaps 100 additional cases a year.

Table III shows for 1987 the length of patients' stay
in hospital before and after operation for seven groups
of common diseases that accounted for one third of all
admissions. Most patients were admitted on the day
before operation. Admitting more patients on the day

of operation would require clerking the patients before
admission and would put extra pressure on the nursing
staff who prepare the patients for operation. Patients
would not necessarily like such an admission policy,
and if they had not fasted for the required time
anaesthesia could be risky. On the other hand, a
shorter stay might reduce the chance of infection and
deep venous thrombosis. Admission several days
before operation will always be needed for investiga-
tions for vascular, malignant, and pancreatic or biliary
disease.

Length of stay after operation varied considerably
among the different disease groups: 92% of patients
recovered from varicose vein operations in one or two
days, and 71% had recovered four days after operation
for acute appendicitis. Length of stay was more
variable in the other disease groups, and over half the
patients with pancreatic or biliary disease stayed in
hospital for more than a week after operation. As we
had an explicit policy of early discharge these differ-
ences reflected differences in the pace of recovery after
different operations.

At first sight there seems to be another source of
potentially empty beds within the existing system:
tabulations of the length of stay (table II) seem to die
away to nothing after one month. In a sense, this was
true: of 5556 patients admitted, only 163 (2 9%) stayed
in hospital for more than 30 days. But these 163
patients had a mean stay of 54 6 days (range 31-278)
and so consumed 8907 bed days, 28% of the total. We
therefore looked critically at the records of these
patients to see whether their stays might have been
curtailed (table IV). Although the preponderance of
vascular disease reflects our particular interest, we
suspect that other features-namely, the importance of
infections and the intractability of social delays-are
widespread problems.
Of these prolonged admissions, 109 (61%) were of

patients over 70 years old. Their death rate (12/100)
was significantly higher than that of patients of the
same age (106/1984) who did not have a prolonged stay
(p<OO01; yj test with Yates's correction). Peripheral
vascular disease was the most common diagnosis in
the long stay patients, and in many cases we used
percutaneous transluminal angioplasty as the first
manoeuvre to shorter stay. Infection was treated
vigorously by antibiotics or surgery as appropriate.

TABLE iII-Length of stay (days) ofpatients before and after operation. Figures are nzumbers (percentages) ofpatients

Before operation After operation

0 1 2 3 4 >4 0 1 2 3 4 5 6 7 >7

Vasculardiseases*(n=163) 36(22) 83(51) 11(7) 10(6) 7(4) 16(10) 11(7) 26(16) 21(13) 3(2) 4(2) 6(4) 6(4) 6(4) 80(49)
Herniat(n=114) 32(28) 76(67) 2(2) 0 0 4(4) 14(12) 31(27) 16(14) 22(19) 8(7) 8(7) 5(4) 1(1) 9(8)
Varicoseveinst(n=91) 19(21) 68(75) 2 (2) 1(1) 0 1(1) 7(8) 66(73) 10(11) 3(3) 2(2) 0 0 0 3(3)
Cancers(n--83) 18(22)41(49) 4(5) 7(8) 3(4) 10(12) 8(10) 12(14) 3(4) 7(8) 2(2) 5(6) 8(10) 5(6) 33(39)
Pancreatic-bdiiarydiseases§(n=80) 6(8) 26(33) 5(6) 10(13) 7(9) 26(33) 0 0 3(4) 1(1) 4(5) 9(11) 9(11) 14(18)40 (50)
Uppergastrointestinaldiseases(n=77)38 (49) 21(27) 4(5) 5(6) 2(3) 7(9) 13(17) 7(9) 6(8) 5(6) 3(4) 3(4) 3(4) 12(16)25(32)
Appendicitis (n=69) 55(80) 11(16) 1(1) 1(1) 0 1(1) 0 0 4(6) 23(33) 21(30) 10(14) 5(7) 1(1) 5(7)

*Excludes varicose veinsand leg ulcers. tAll types. tExcludes leg ulcers. §Excludes cancers.

TABLE iv-Details ofpatients who stayed in hospital longer than 30 days Throughput was impaired by delays in the provision of
geriatric beds, part III accommodation, wheelchairs,

No with artificial limbs, and alterations to patients' homes. In
peripheral No with life- No affected Mean (range) the three years monitored 1047 bed days (roughly

Age No of No who vascular threatening by social length of No of
(years) admissions died disease infections delay* stay (days) bed days equivalent to one bed) passed while social factors

<50 17 3 5 2 505(31-121) 857 delayed discharge of 22 patients. About half of this
50-59 14 1 4 2 2 534(32-138) 747 inappropriate use of beds was accounted for by just
60-69 32 2 20 6 4 48*9 (31-115) 1565 four patients. Many extra patients could have been

80-89 44 8 27 4 9 57*3 (31-210) 3036 treated if the blocked beds had been free. It will
90-99 3 1 57-3 (48-69) 172 become even harder to discharge these patients if local

Total 163 15 87 28 22 49 7 (3 1-278) 8907 authorities economise by cutting their services.
Total_ 163_____87_28_22_49_____31______ ___278_______________8907___ Table IV also shows that when younger people (aged
*Delays in provision of geriatric beds, part III accommodation, wheelchairs, artificial limbs, and alterations to under 50) had a condition-for example, head injury,
patients' homes. necrotising fasciitis, Crohn's disease, pancreatitis, or
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premature peripheral vascular disease- that necessi-
tated a hospital stay of more than 30 days they took
nearly as long as the elderly (aged 70 and over) to
recover sufficiently to leave hospital (mean 50 5 days v
57 3 days).

Conclusions
If efficiency in a surgical service means a high

throughput of patients and a low rate of cancellation we
have three suggestions.

(1) A surgical service might be provided with fewer
beds if patients for elective operations were always
admitted on the day of operation and discharged at the
earliest opportunity and ifelderly patients with chronic
illness were transferred to other care. The potential for
such economy is, however, only 10% of the average
number of beds occupied (3 * 5 of 34 5 in our study).

(2) Numbers of beds should not be decreased
further: physical removal of beds runs the risk that

fluctuations in the need for beds can be accommodated
only by cancelling elective admissions.

(3) If all surgeons in a district were to increase their
throughput the overall cost of health care would be
increased and there would be a risk of bankrupting the
district health authority. A new system of funding
should be set up to encourage efficient surgical units
with short waiting lists.
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Abstract
A causal relation between gastro-oesophageal reflux
and nocturnal asthma has been postulated. Forty
four adult asthmatics underwent ambulatory
monitoring of their oesophageal pH over 24 hours to
find out if there was such a relation. Of these 21
showed significant "morning dipping" in which the
peak expiratory flow falls during the night.

Asthmatics with morning dipping had a history of
nocturnal wheeze and a higher incidence of reflux
symptoms, but measurement of oesophageal pH
showed no significant difference in the amount or
pattern of reflux when compared with "non-
dippers."

Overall, 15 asthmatics had gastro-oesophageal
reflux, and these participated in a randomised,
double blind crossover trial of ranitidine versus
placebo. No significant difference was found in the
peak expiratory flow rates or subjective evaluation of
well being of the patients.

Introduction
Gastro-oesophageal reflux has been reported to be

more common in asthmatics' and has been postulated
to cause worsening of asthma, particularly nocturnal
wheezing.2 The cause of this is unknown but micro-
aspiration of the contents of the stomach might be one
possible mechanism, and improvement of asthma has
been reported after surgical repair of hiatus hernia.'
Another possible mechanism is that the presence of
acid in the oesophagus may stimulate vagal nerve
endings which can cause reflex bronchoconstriction.4

This study was performed to find out if there was a
difference in the degree of gastro-oesophageal reflux

TABLE I-Asthma scores as defined by Goodall et at6

Asthma score Daytime Night time

0 No wheeze No wheeze
I Wheeze 1-2 hours Slept well, slight wheeze
2 Wheeze most of the day Woke 2-3 times wheezing
3 Wheeze all day Bad night, much wheeze

TABLE II-Gastro-oesophageal reflux scores as defined by Goodall
etal6

Gastro-oesophageal
reflux score Heartburn Regurgitation

0 None None
I Occasional Occasional (on straining or

posture change)
2 Needing antacids or Predictable

medical advice
3 Constant (interfering Occurrence of pulmonary

with daily activities) aspiration

between asthmatics with "morning dipping," in which
the peak expiratory flow rate falls during the night, and
asthmatics in which this does not occur ("non-
dippers"). We also gave ranitidine and placebo to
asthmatics with gastro-oesophageal reflux to see
whether they would benefit from reduction of acidity
in the stomach.

Patients and methods
Forty four adult asthmatics attending the respira-

tory clinic agreed to participate in the study. All
patients showed a greater than 25% increase in peak
expiratory flow rate or forced expiratory volume in one
second after treatment with bronchodilators. No
patient had had gastric or oesophageal operations. One
patient who had been prescribed ranitidine for gastro-
oesophageal reflux stopped taking the drug for the
duration of the study. All patients continued their
usual medications for asthma. We recorded the weight
of each patient as percentage deviation from the
population mean,' taking account of age, sex, and
height. A patient was considered to have a history of
reflux if symptoms occurred at least once every six
weeks.
The patients kept a diary for six days and returned to

hospital on day 7 for ambulatory monitoring of their
oesophageal pH. They recorded type, dose, and timing
of drugs as well as their asthma and reflux scores6 for
day and night (tables I and II). To determine the peak
expiratory flow rate of each patient the best of three
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