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Authorities are not in full agreement in regard to risk of surgery
in the elderly. One hundred eight studies of surgery in the elderly
over the past 40 years were reviewed. The purpose was not
merely to tabulate results, but to identify differences existing
between reports with regard to data reported that could affect
results independent of the surgical management itself. Sources
of variance that need to be taken into account in comparing
mortality rates between studies, such as whether mortality was
computed by number of patients or operations, differing lengths
of follow-up for recording mortality, proportions of emergency
versus elective operations, and types of surgical procedures,
were documented. A nine-item confidence in results scale was
used to classify studies into high and low confidence groups.
Surgical specialties scored substantially higher than general
surgical studies. More recent studies received higher scores
than earlier studies. Although mortality rates varied widely
depending on methods of their calculation, there appeated to
be a trend toward increases in elective, but not emergency,
mortality rates in general surgery since 1941 that should be
examined more closely. One thing that cannot be answered
clearly from these studies is the relative risk of surgery with
age. Some control of variations between studies and standard-
ization of reporting surgical deaths are required before risk of
surgery in the elderly can be assessed more accurately.

1N TALKING WITH SURGEONS today about the risk of
I surgery in elderly patients, there appears to be a
feeling among them that over the years this risk has
decreased. This is epitomized in an article on surgery
in 90-year-old patients which states that "less than half
a century ago, surgery was considered hazardous for
patients over 50 years. Gradually the concept of an
upper age limit has faded, and major surgical proce-
dures are now regularly performed on the very elderly.
. . . Age in itself is no barrier to surgery."4 Yet, in the
late 1930's, Rankin and Johnson3 concluded, similarly,
that

Gradually, experience has shown that old age is no
longer the contraindication to surgery that it was at
the beginning of the century, and more and more data
are being accumulated to substantiate this fact
. . . some persons 50 years of age seem older than
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others of 70. However, due credit must be given these
people, for without sturdiness of fiber, they would
never have reached the age of 70 years. The end result
is a steady increase in the operability of patients in
this group with a concomitant fall in surgical mor-
tality.

In light of the foregoing, one can question whether
times have really changed. What is actually known
about risk of surgery in the elderly? Unfortunately,
three contrasting conclusions emerge from reviews
aimed at better defining changes in risk which may have
occurred over the years.'2 One is that extreme caution
and even reluctance to operate is warranted in elderly
patients, since older age alone carries increased risk. A
second is that persons who survive into very old age are
biologically elite and by that very fact the surgical risk
is not so great. A third conclusion has emerged between
those extremes that acknowledge some increased risk,
particularly with coexisting disease in the elderly, but
suggests that with attention to pre- and postoperative
care, even the most difficult operations in the elderly
can have acceptable outcomes. Which conclusion is
true? How much confidence can one place in the con-
clusions of any single study? Can one compare results
among these studies, as is often done?
The purpose of this paper is to review a large number

of studies of surgery in the elderly and not only to report
results, but to identify differences in the types of data
being reported, since such differences in the parameters
reviewed could account for as much variation in results
as differences in surgical management. Hence, for ex-
ample, some studies describing themselves as dealing
with surgery in the elderly, include patients in their
fifties while others begin with patients 90 and above.
Only some separate results from emergency as con-
trasted to elective surgery. Some compute mortality by
number of operations per patient; some by patient; some
do not say. Lengths of postoperative observation periods
range from merely counting deaths in the operating
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room to 90 days after operation. Some identify rates
for a particular procedure, while some, which include
a mix of general and specialty operative procedures,
do not.

After reviewing the literature, the authors will go
beyond simply tabulating the results by classifying the
studies according to the level of confidence that can be
placed in them based on the data used. Each study will
be given a rating based on how well it succeeded in
defining criteria and reporting results in terms of vari-
ations such as those mentioned above. This will then
permit a tabulation of the degrees of variation among
the reports as well as a characterization of differences
between reports with high as contrasted to low confi-
dence ratings. It should be pointed out that the confi-
dence ratings used here are a first step indicating
whether, on retrospective review, a basic minimal data
base was collected and tabulated, in such a way as to
permit comparisons with other studies. There is no at-
tempt made (nor would there be a way) to retrospec-
tively assess the separate but equally important issue
related to actual reliability of the data which were col-
lected.

Methods

A Medlars Library search was used to identify pub-
lished journal articles describing surgery in the elderly.
This number was expanded from bibliographies of those
found through the computerized search so that articles
cover the years from 1930 through the early part of
1980. Only articles which actually described results of
a series of elderly patients undergoing surgery were in-
cluded for review. Case reviews and opinion type articles
were excluded. A total of 108 articles met these criteria.

Each article was reviewed critically by one of the
authors and identifying data and results recorded onto
forms for computer analysis. The following items were
transcribed whenever available, and if the data were
not included in the articles, this was indicated.. Back-
ground information included year of publication, jour-
nal, type of surgery (general or specialty of mixed or
single types of procedures), number of operated pa-
tients, number of operations, and whether mortality
rates were computed by one or both of these methods.
The number of days patients were followed during
which deaths were included in the mortality rate, lower
age limit used, per cent male composition, and criteria
for selection of the group (e.g. were only patients with
a previous record of a certain condition included, etc?)
were recorded. It was also noticed whether any type of
comparison group was used such as overall operative
mortality rate in the institution or mortality rate of a
younger age group.
The mortality rate was recorded according to elective,

: : TYPE OF SURGERY REPORTED (0-1)

0= No
1= Yes - one type or multiple types defined

AGE (0-3)

0= Under aqe 65 included
1= Lower limit at least age 65
2= Ranqe given
3= Mean uiven

:_: NUMBER OF PATIENTS OPERATED (0-1)

0= Not aiven
1= Provided

:_: NUMBER OF OPERATIONS PERFORMED (0-1)

0= Not qiven
1= Provided

: : COMPUTATION OF MORTALITY (0-3)

0= Not qiven
1= By operation
2= By patient
3= Both

: : MORTALITY PEPORTED (0-1)

0= Not clear. Overall rate includes both emerqency & elective
1= Clearly defines mortality for qroup(s) studied

:_: POST OPERATIVE FOLLOW-UP (0-2)

0= Not defined
1= To hospital discharge
2= Specific equal time for all patients

: : COMPARISON GROUP USED (0-3)

0= None used
1= Within the elderly qroup studied
2= With the overall rate of the institution
3= With younqer age qroup of the same institution

: : REASONS FOR DEATHS REPORTED (0-1)

0= Not
1= Yes

FIG. 1. Confidence in results scale.

emergency, and overall rates as computed by operation
or patient or both whenever available. If rates were
given for subgroups, but not overall group, the overall
mortality rate was computed if sufficient information
was included in the article to calculate the rate. Like-
wise, if deaths after emergency and elective procedures
were reported separately, an overall mortality rate was
calculated for both procedures together, and if possible,
all three rates recorded.

Postoperative complication rates for elective and
emergency procedures, whether mortalities were in-
cluded in the complication rate, leading types of post-
operative complications, and any factors reported to
significantly affect mortality were also recorded.

In addition to abstracting these data from the articles,
another person completed a "confidence in results scale"
for each study. The nine-item scale is shown in Figure
1. Each study was rated as to whether essential infor-
mation about the outcome of surgery was included as
well as whether a basically good design was used. For
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TABLE 1. Characteristics of the 108 Journal Articles Describing
Surgery in the Elderly

Variables Number Per Cent

Year published
1931-40
1941-50
1951-60
1961-70
1971-80

Number conducted in U.S.
Authors university affiliated
Lower age included in study
Under 60
60-64
65-69
70-74
75-79
80-84
85-90
90 and over

Types of surgery
general
specialty (25 of these heart)

Sample size (by patients)
Under 50
50-99
100-199
200-399
400-599
600-799
Over 800
reported
not reported

Sample size (by operations)
Under 50
50-99
100-199
200-399
400-599
600-799
Over 800
reported
not reported

Method of reporting number of
subjects

number of patients only
number of operations only
number of patients and operations
not reported

Some Type of Comparison Group
Method of Computing Mortality

by operation
by patient
both
method not reported

Length of Follow-Up
less than 30 Days (equal for all)
30 days or more (equal for all)
to hospital discharge (varied)
not reported

Leading causes of death reported

Reported sample composition by sex

Reported types of complications

6
12
20
31
39

86
56

S
31
19
35
5

11
0
2

78
30

10
24
18
22
8
3
8

93
15

3
8
8

18
7
4
8

56
52

50
12
43
3

26

22
60
9
17

8
23
31
46

72

58

51

20
56
8

16
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example, a good design should follow each patient a
standard amount of time after operation. Some studies
did not provide any information on length of follow-up
study. Some used hospital discharge and others reported
a standard follow-up, such as 30 days, for everyone. In
such situations those not reporting length received a
zero, hospital discharge a one, and standard follow-up
times a two. As another example, some studies reported
mortality by number of operations (which make the
mortality rate look low since a patient dies only once),
others by patients' operated on (which makes the rate
appear higher, unless patients are never reoperated),
and others do not specify which was used. Studies
should provide both. If they did not record how the
rates were computed, they received a zero; by operation
a one; by patient a two; and if both were recorded, a
three. Other scores were given for complete definition
of age, reporting mortality by all appropriate means
(elective versus emergency whenever applicable), rea-
sons for deaths, use of age comparison groups, and de-
tails about types of surgery wherever applicable. Each
study could range from a low of zero to a high of 16
points.

After the rating scale was designed, two persons used
the scale independently on the same 20 articles and
their item scores were compared to determine reliability
by intra class correlations. Items correlated from r
= 0.69 to r = 0.96. To assess validity, a surgeon read
20 of the articles, randomly selected from the 108, and
provided a global rating on a 1-5 scale as to the overall
quality of study. These 20 global ratings were correlated
with the total score from the confidence in results scale
for the same 20 articles. The intraclass correlation was
r = 0.84. Since the scale appeared to have acceptably
reliability and validity, it was included in the review.

Data were tabulated first to describe the articles by
frequencies of responses and data missing from the ar-
ticles. Next, mortality rates were stratified by year of
study and lower age included for specialty and generaL.
surgery separately. Ratings of the confidence in results
scale were divided by the mean score into high and low
confidence groups and mortality rates reexamined by
type of surgery, year, and lower age limit.

Results

Characteristics of Studies

7 The 108 articles reviewed covered operations in over
21 50,000 elderly patients. Table 1 describes the studies.
29

Most (80%) were done in the United states, with slightly
67 over half of the authors having university affiliations
54 Three-fourths described general surgery and of the re-

maining specialty surgery studies, 83% were of cardiac
48 operations.
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In regard to who was considered "elderly," five stud-
ies included patients below the age of 60 years and two
began with 90 year olds. There was a trend for more

recent studies to set a higher lower age limit (age 80
years and above only starting in the early fifties in the
articles reviewed); however, the ones including patients
below 60 were all done after 1960. The most popular
lower age limits were 60 and 70 years. Only about 26%
of the articles used some type of comparison group in
order to assess differences in surgical risk with age.

Sample size varied from 10% with less than 50 pa-

tients to one study of over 7,000 patients. About 14%
did not report number of patients in the study, but 79%
of those studies reported sample size by operations. In
48% of the studies, number of operations was not re-

ported. Some studies (40%) reported both patients and
number of operations.

Although 30 days is frequently thought to be the
standard postoperative period, only a fifth of the studies
followed all their patients for 30 days or more. Another
29% used discharge from the hospital as end of follow-
up, defining mortality as a "hospital death." More sur-

prising is the fact that 43% did not report the amount
of time in which mortality was recorded and some, al-
though they used an equal time for all, used as few as

eight days following the operations. Less than 70% of
the studies reported leading causes of deaths and less
than half gave postoperative complications.

Mortality Rates

Table 2 reports overall and elective rates computed
by either number of operations or number of patients.
Emergency mortality is by patient only. Rates based
on number of operations could never be higher, of
course, if all studies reported botl ways. As seen, rates
were generally higher when patients were used as the
denominator. The mean overall nmortality rate was ei-
ther 11.7 or 13.6% depending on which way authors
chose to compute their rates. A 1ew authors reported
both. The numbers not applicable included those who
reported by the alternate method (patient or operation)
and those who studied only emergency or elective pro-
cedures. One study failed to give a;i overall, emergency,
or elective rate, but reported rates for numerous

subgroups without providing the number of patients in
the subgroups so that an overall rate could be computed.
The most frequent problem in reporting mortality

was the failure to give elective and emergency rates
when applied. About 72% of the studies included mul-
tiple types of operations, where both elective and emer-

gency procedures could have been computed. Often the
authors cited rates for the different kinds of surgery
such as biliary tract, abdominal, etc., but each of these

93
TABLE 2. Comparison of Mortality Rates as Reported

by Patient and Operation

Per Cents

Variables By Operation By Patient

Overall rates
0-5% 15 12
6-10% 39 28
11-15% 22 28
16-20% 11 Mean 11.7 20 Mean 13.6
21-25% 11 4
26-30% 1 4
over 30% 0 5
reported 43 70
not reported 1 I
not applicable 56 29

Elective rates
0-5% 29 42
6-10% 33 32
11-15% 24 Mean =8.8 16 Mean =7.9
16-20% 14 0
21-25% 0 11
reported 19 17
not reported 58 57
not applicable 23 26

Emergency
rates
0-5% 4
6-10% 2
11-15% 7
16-20% 17
21-25% 20 Mean = 29.0
26-30% 6
31-35% 11
36-40% 17
41-45% 4
over 45% 11
reported 43
not reported 55
not applicable 2

could vary in terms of the composition by emergency
and elective procedures. For example, the not applicable
for elective rates refers to those who studied only emer-

gency surgery or those who reported by the alternate
method (patient or operation). Therefore, it can be seen

that over half of the studies could have reported an

elective rate but did not do so. Likewise, about the same
proportion did not report the emergency rates when it
was possible to do so. Even with crude rates, such as

those in Table 2, it is obvious that emergency rates
varied widely but averaged three-fold greater risk than
the risk of elective surgery.

Table 3 breaks the mortality rates down further by
type of surgery, year reported, and lower age included.
For this table, the patient mortality figures were used
except in cases where only the operative mortality rates
were known. It can be seen that overall rates for general
surgery, especially the elective surgery rates, have in-
creased over the years. The increase in overall rates are

SURGICAL PROCEDURES IN THE ELDERLY
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TABLE 3. Comparison of Mortality Rates by Years Published, Lower Age Included, and General or Specialty Surgery

Mortality Rates

Overall Elective Emergency

Variables General Specialty General Specialty General Specialty

Years
1931-40 10.3 13.0 11.0 4.2 31.0 34.5
1941-50 10.8 - 5.0 - 32.1 62.0
1951-60 11.1 - 7.3 - 21.3 -

1961-70 14.7 16.8 9.2 - 29.3 -

1971-80 12.4 13.7 9.5 9.1 25.1 41.6

Lower age
Under 60 8.4 - 1.3 - - -

60-70 11.3 13.9 7.5 8.1 25.7 50.9
70-79 11.4 17.1 8.2 14.0 26.7 49.0
80-89 15.1 4.7 11.3 2.3 26.6 10.5
90 and Over 22.1 - - - 28.0 -

Number reporting (66) (20) (31) (5) (41) (6)

probably a reflection of increase in the elective rates,
since emergency mortality rates in general surgery
tended to go down. Specialty surgery mortality rates,
on the other hand, showed no definite trends over the
years. When emergency rates for general and specialty
were compared, the overall emergency rate for general
was 27.6% and for specialty was 42.8%. This was sta-
tistically significant (F = 5.27, p < 0.05) for a difference
between the two groups. Considering the lower ages
included in the studies, it is obvious that the mortality
rate increased as the lower age included became higher
for overall and elective general surgery, but does not
increase as much for emergency general surgery with
ages studied. Again, no definite pattern seems to exist
with specialty surgery and lower age included.

Confidence in Results Scale
The average rating of the 108 studies was 7.15 (SD

= 1.99), with only one study scoring under three and

TABLE 4. Classification of Articles by Confidence in Results Scale,
Journals, and Types of Surgery

Mean
Variable Number Per Cent Score

Rating on scale
(total score) 7.15

Under 3 1 1
3-6 39 36
7-10 64 59
Over 10 4 4

Type of Journal
general medical 32 30 6.72
general surgical 41 38 6.92
geriatric 20 19 7.50
surgical specialty 15 14 7.93

only four over 10. The highest possible score was 16.
Table 4 shows distribution of scores and the average
scores for different types of journals. The studies pub-
lished in specialty surgical journals had the highest av-
erage rating. Ratings for geriatric journals were a close
second and ratings for general medical and surgical
journals were lower.

Studies were divided into high and low scoring ar-
ticles, with those scoring at or above the mean (seven
points) on the scale assigned to the high score group.
Table 5 shows how the studies compare on several vari-
ables when confidence in results was considered high
or low. Two variables discriminated between high and
low confidence studies. Those published more recently
were more often found in the high confidence group
(p < 0.05). Furthermore, those reporting specialty sur-
gery were considered significantly better by the scale
(p < 0.01). Items which did not discriminate between
studies were university affiliation, being done in the
United States, number of patients included, lower age
studied, or mortality rates reported. In regard to mor-'
tality rates, however, the trend is consistently toward
higher rates of mortality being associated with studies
having higher confidence ratings. In fact, the overall
rate discriminates at p < 0.09, which might be consid-
ered a strong trend.

Discussion

What conclusion can be drawn from the studies re-
viewed? First, a rather large number have been done
over the past 40 years, and the 108 reviewed are by nc
means an exhaustive list, although all efforts to be as'
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complete as possible were exerted. There is agreement
that the risk of emergency surgery in the elderly is much
greater than elective surgery. The average from these
studies would support about three times as great a risk.

Second, when studies were separated out by year,

there was a trend toward increasing mortality rates for
elective, but not emergency, operations in general sur-

gery since 1941. Two explanations are possible. One is
that surgeons are taking patients with greater risks. The
other is that operating techniques and/or care are de-
teriorating. A frequent conclusion concerning operating
on the elderly has been that elective surgery may need
to be considered more often, since a reluctance to op-

erate could result in the need for emergency surgery,

which is known to carry a higher risk of death. Another
advantage cited for doing elective surgery is that more

attention can be devoted to preoperative preparation of
the elderly patient so that the best possible results can

be obtained. One can think of other factors associated
with increased risk in elective surgery such as trends
toward doing more operations among the elderly, more

elderly patients in general who are living longer with
more chances of having coexisting diseases, older ages

being considered for surgery, and more extensive types
of surgery being offered than in the past. However, to
our knowledge, what seems to be an increase in elective
surgery mortality rates over the past few decades has
not been reported, and requires a more careful review
by surgeons in order to determine the reasons for its
occurrence.
What cannot be told from these studies? Probably

the one thing that most of these studies hoped to answer
(i.e., the relative risk of surgery with age) cannot be
determined. Without controls such as comparable pa-

tients of younger ages matched for type of operation
and co-existing disease with the same surgeon or sur-

geons of comparable skill, it is almost impossible to sort
out the differences attributed to age alone. To properly
.do this, an operative risk scale is needed which incor-
porates degree of co-existing diseases, obesity, nutri-
tional status, physiological decrements associated with
normal aging, physiologic outlook on life, and other
factors which make up a person's physiologic age. This
would permit clearer assessment of the impact of chro-
nologic age in and of itself upon operability, morbidity,
and mortality.
The confidence in results scale used with these studies

points out some of the basic information and design
issues that should routinely be provided in any article
in order to permit a comparison of mortality rates with
pther articles. In so many instances, such essential in-
formation was missing. For example, many studies

TABLE 5. Classification of Studies and Their Results by High and
Low Ratings on Confidence in Results Scale

Means

Low High
Variables Group Group F-Ratio

Average # of years since
publication 19.76 14.32 4.12*

Study conducted in U.S. .84 .75 .37
Author university affiliated .52 .48 .09
Number of patients

studied 224.72 544.81 .28
Lowest age included 65.40 68.35 .13
Specialty surgery .12 .40 6.73t
Mortality

overall 11.25 14.01 2.88
elective 7.41 8.37 .28
emergency 25.94 30.60 1.13

* P < 0.05.
t P < 0.01.

failed to provide mean age of the patient population
studied, no less a breakdown of age subgroups in terms
of outcome. Such information as number of patients
and operations was often missing, and failure to com-
pute mortality by elective and emergency categories was
found in over half of the studies where this could have
been done. Since studies varied in proportion of emer-
gency and elective procedures, the overall rate alone
tells very little. The fact that a comparison group of
mortality rates for younger patients undergoing com-
parable surgery in the same institution was seldom used
also leaves no way of comparing how an institution does
with older versus younger patients. Another serious de-
ficiency was the lack of an equal amount of postoper-
ative follow-up within a single study, much less between
studies. It was even more distressing when authors did
not provide any information concerning the period of
time over which the mortality rate was computed. A
few studies separated deaths due to cancer from other
mortality rates. There is a need to define this clearly
and perhaps report both with and without malignancies
included until some standardization of death related to
surgery is achieved. The need to report complication
rates and causes of death seems obvious. More than
half of the studies failed to do so. Our scale dealt only
with some of the information needed to compute and
assess mortality rates. Other important issues such as
reliability of data, criteria for sample selection, control
of variance, and proper use of statistical methods were
not addressed.
One encouraging note is that there was a definite and

statistically significant trend toward better confidence
scores appearing in more recent years. This is probably
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to be expected. The fact that specialty surgical studies
scored higher and that mortality tended to be higher
in the better rated studies could reflect the significant
difference found between emergency mortality rates in
general and specialty surgery and/or that lower con-
fidence studies underestimated mortality rates.
The existence of low confidence scores also suggests

a need for more rigorous standards regarding accep-
tance for publication of surgical studies in the elderly.
Again, specialty surgery journals, which reported more
of the specialty studies, had the highest mean scores on
the scale. Surprisingly, the general surgical journals,
which published over a third of articles dealing with
surgery in the elderly, ranked among the lowest. The
country where the study was conducted and whether
or not the authors were university affiliated did not
discriminate between high and low scoring studies.

If the focus of this review were simply to be critical
in regard to what was missing from studies, this would
have been a sterile exercise. Its purpose has been to
illustrate some of the sources of variance that need to
be taken into account when comparisons are made be-
tween studies. Furthermore, in doing this, it is hoped
that some control of these sources of variance would be
exercised in conducting studies and standards set for
reporting and examining mortality rates in the elderly.
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