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INTRODUCTION 

An estimate has been made that 38% of all surgical patients 
over 35 years of age have evidence of heart disease, hypertension 
or diabetes mellitus. Physicians are frequently asked to estimate 
the capacity of patients with cardiac disease to undergo surgery. 
Unfortunately, actuarial tables are not available which define the 
risk of the type of operation and the cardiac status of patients; 
therefore, judgment must be somewhat intuitive. 

In this protocol I will attempt to review the literature and 
summarize the data available at this time, keeping in mind the ap
parent change in incidence of various types of heart disease over 
the past two decades, the improvement in surgical and anesthetic 
techniques, and the advancing age of the patients. One must keep 
in mind when reviewing this protocol that morbidity and mortality 
statistics may be applied to groups but are less applicable to in
dividuals. 

In order to place this review in perspective, it seems appro
priate to briefly touch on the mortality in patients with arterio
sclerotic heart disease and myocardial infarction unrelated to sur
gical procedures, especially since the largest section of this re
view deals with patients with arteriosclerotic heart disease. 
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LONGEVITY FOLLOWING MYOCARDIAL INFARCTION 

A number of reviews have been published delineating the at
trition following myocardial infarction. Pertinent reports to 
this protocol address themselves to long-term survival beginning 
one month following the first myocardial infarction since, as we 
shall see later in this protocol, only emergency surgery should 
be performed immediately after an acute myocardial infarction. 

One of the better reported series and reviews of long-term 
follow-up of patients with acute myocardial infarction is by 
Doctor Gunnar Blomqvist (1, 2). He and his associates reported 
a 20-year follow-up on 1,612 patients in Sweden after an acute 
myocardial infarction. Their results are plotted in the table 
below. 
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Total mat~rial, based on 5,216 person years 

The percentage surv1v1ng after 1, 2, 5, 10, 20 and 24 years is 
81.0, 74.5, 55.8, 34.1, 15.2 and 6.1 respectively. These findings 
are similar to many other series reported in the literature, as 
seen in the following composite graph. 
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Comparison with other series. A= White et al. (1956) 
(8), B =Morris et al. (1952)(9), C =Smith (1953)(10), 
D =Billings et al. (1949)(11), E =Weiss (1956)(12), 
F = Eckerstrom (1951)(13). Own material is indicated 
by the curve. 

Mortality following general surgical procedures in postmyo
cardial infarction patients must be superimposed on this mortality 
curve in order to clearly define additional surgical mortality 
over and above the expected attrition rate (i.e., a little > 50% 
5 year survival). 

GENERAL SURGICAL MORTALITY WITH ARTERIOSCLEROTIC HEART DISEASE (ASHD) 

The surgical risk is greater in patients with coronary disease 
than in other forms of heart disease. The risk is age-related and 
especially related to the type of operation performed. Even with 
these factors in consideration, the literature shows wide variations. 

A collected series by Nachlas et aZ. (14) and reproduced by 
Mattingly (15) in the following table show a mortality rate with 
noncardiac surgery to be 3.4 to 18.2% and a morbidity rate from 
4.3 to 24.1%. The combined series of 19,610 operations in non
cardiac patients revealed a mortality of 2.9% while 3,144 opera
tions in cardiac patients resulted in a 6.6% mortality and a 10.1% 
complication rate. This represents more than a two-fold increase 
in mortality in patients with ASHD. 



- 6 -

Comparison of Mortality and Morbidit y Rates in Normal and 

Arteriosclerotic Patients (Collected Series) (14) 

Controls Cardiac Patients 

Opera- Mor- Opera- Mor- Compli-
tions tality tions tality cations 

Authors Hospital Year (no) (%) (no) (%) (%) 
Sprague Mass. Gen. 1929 88 18;2* 
Butler Peter Bent 1930 278 s.st 

et aZ. Brigham 

Hickman § Univ. of 1935 103 9.7* 12. 6t 
et aZ. Chicago 

Brumm and Mayo Clinic 1939 257 4.3* 
Willi us 

Morrison New York 1948 9,137 2 . 8 485 14.8 4.3 
Hannigan Memorial 1951 260 3.4 58 5.2 24.lf 

et aZ. (New York) 
Lochhead Geo. Wash. 1954 51 6.0 6.0 

et al . University 
Etsten II New England 1954 4,154 2. 0 1,624 3.4 

et al. Center 

Nachlas Sinai of 1959 6,059 3.5 200 10.5 19 
et aZ. Baltimore 

Combined 19,610 2.9 3,144 6.6 10.1 
Series 

* Some authors indicated cardiac deaths only in their mortality 
figures. 

tThese authors separated their deaths into expected and unex
pected groups, rather than cardiac and noncardiac. Their mortality 
rate includes only the expected deaths. 

fThese authors listed only the cardiorespiratory complications. 
§The data from Hickman and associates comprise all cases listed 

as myocardial disease, coronary thrombosis and angina pectoris. 
Both major and minor operative procedures were included although 
there were only a small number of the latter. 

TIThe comparatively low mortality among the cardiac patients of 
this series may be due to the fact that only 60 per cent of the 
operations were considered major procedures. 
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Mortality with surgical procedures in cardiac patients is 
definitely related to patient age, as might be expected. In a 
review of the literature, the following mortality was evident in 
patients with' heart disease. · 

Mortality Rates in Surgical Patients Over ?0 

Collected Series 

Authors 

Welch (1948) 

Childs and Mason (1949) 

Bosch et al. (1952) 

Owen and Murphy (1952) 

Anglem and Bradford (1953) 

Stewart and Alfano (1954) 

Mithoefer and Mithoefer (1954) 

Parsons et al. (1956) 

Limbosch (1956) 

Nachlas et al. (1961) 

Krieger Lassen (1962) 

Mitty and Echemendia (1963) 

Arkins et al. (1963) 

Totals 

Cases 
(no.) 

609 

99 
159 

434 

621 
290 

240 

146 

336 

77 

1,197 

589 

605 

5,402 

Mortality Rates in Surgical Patients Over 60 

Collected Series 

Cases 
Authors (no.) 

Estes (1949 400 

Parsons et al. (1949) 322 

Bosch et al. (1952) 500 

Haug and Dale (1952) 354 

Cole (1953) 1. 099 

Totals 2,675 

Mortality 
(%) 

10.2 

17.2 

17 

27.2 

10 
13 

8.3 

8.2 

20 . 5 

14.3 

15.9 

11.9 

10 .8 

14.1 

Mortality 
(%) 
6.5 
9.4 

9.6 

9.0 

5.1 

7 . 2 
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Another series reported by Skinner and Pearce (16) divided 
into decades revealed a similar mortality relationship with age. 

Ag e Re l a t ed Mortal i ty 

total No. of Mortality 
Age Cases (%) 

<55 87 9. 2 

55-64 296 10.8 

65-74 244 15.6 

75+ 139 18 

Intrathoracic and 
Intra-abdominal 

Cases Mortalitl 

35 30 

99 21. 2 

90 31.2 

44 27.3 

(%) 

From this data the following summary may be extracted of over-all 
mortality associated with a variety of surgical lesions and its re 
lationship to patient age (14-24). 

Patients 

All ages - No ASHD 

All ages - ASHD 

>60 ASHD 

>70 ASHD 

* Opera ti v e Ri sk wit h ASHD 

Operations 

19,610 

3,144 

2,675 

2,852 

Mortalitl (%) 
2.9 

6.6 

7. 2 

14.1 

*Review of literature (previous MI or angina [similar]). 

INFLUENCE OF THE TYPE OF SURGICAL PROCEDURES ON MORTALITY 

The surgical procedure undertaken certainly influences the 
risk factors, i.e., a herniorrhaphy is much less of a surgical 
procedure than a gastric resection. The following two tables 
from Skinner and Pearce (16) illustrate the risk with various 
operations. 
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Comparison of SurgiaaZ Faators on Mortality in Cardiaa Cases (16) 

Elective Emergency 
Procedures Procedures 

Service performing 
surgery and type Total Mort. Mort. Mort. 

of 0_2eration Cases (%) Cases (%) Cases (%) 
Ophthalmology 27 0 

Head and neck 14 0 

Proctology 13 0 

Neurosurgery other 
than craniotomy 14 0 

Neurosurgery, 
craniotomy 6 50 

Urology 

Transurethral 
Resection 124 2 

Other 96 12 

General Surgery 

Hernia (inguinal) 80 0 

Cholecystectomy, with 
and without bile 
duct exploration 48 12 41 10 7 29 

Subtotal gastric 
resection 48 23 33 18 15 33 

Small and large 
bowel resection 27 30 17 18 10 so 

Other intraperito -
neal surgery 109 29 73 21 36 47 

Misc. general sur-
gical procedures 
not included above 93 10 

Thoracic surgery 

Intrathoracic 
procedures 36 30 34 32 2 0 

Orthopedic surgery 

Hip nailing 11 36 

Other orthopedic 
surgery 18 22 
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0 TOTAL MORTALITY 
r2"Jl MORTALITY IN CARDIAC 

CASES 

NON£ 

HERNIA TUR CHOLE- SUBTOTAL BOWEL 
CYSTECT· GASTRECl· RESECTION 
OMY OMY 

A comparison of surgical mortality in cardiac cases with total surgical 
mortality in five selected operations. 

Alexander and McAlpine (25) reviewed their mortality with 
cholecystectomy in 100 consecutive cases with heart disease in 
1966 and found a mortality of 10% as compared with 1% in the non
cardiac cases. Keys et aZ. (26) evaluated 5,891 patients with 
cholecystectomy and found an over-all mortality of 0.9% in non
cardiac patients and 3% in their cardiac patients. 

Erlik et aZ. (27) have reported a mortality with prostatec
tomies in 539 patients without cardiovascular disease to be .74% 
and in 131 patients with cariovascular disease to be .76%, an 
amazingly low mortality rate with no significant difference in 
patients with heart disease. 

Skinner and Pearce (16) concluded that: 

"The above tables document several clinical impressions. 
Transurethral resection (TUR) and inguinal herniorrhaphy 
have been found to be relatively safe for cardiac patients. 
Mortality following TUR was 2 per cent and there were no 
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fatalities following 80 inguinal herniorrhaphies although 
all of these patients had symptomatic heart disease. Also, 
sub-specialties such as ophthalmology, head and neck, 
proctology, and neurosurgery (excluding craniotomies) have 
low surgical mortalities. 

"Of interest was the high mortality associated with intra
peritoneal and intrathoracic surgery. . . . Elective 
intra-abdominal surgery other than cholecystectomy resulted 
in a mortality of approximately 20 per cent. Elective 
cholecystectomy had a significantly lower mortality (10 per 
cent). Elective intrathoracic surgery exclusive of cardiac 
surgery was followed by a 32 per cent mortality. Mortality 
following genito-urinary surgery other than TUR was 12 per 
cent. Most of these procedures were suprapubic, retropubic, 
and perineal prostatectomies. 

"Mortality following orthopedic surgery was surprisingly high 
in these cardiac patients. This could be partially explained 
by the high percentage of patients with Class III functional 
capacity and by a higher percentage of severely debilitated 
patients as compared to the entire series. General surgical 
procedures other than intra - abdominal procedures or herni
orrhaphy were followed by a rather high mortality (10 per 
cent), but this group was heterogeneous and included many 
extensive operations." 

One must remember that patient selection plays a major role in 
the above-reported statistics, i.e., patients with severe cardiac 
disease were rejected for elective operations. This is a major fac
tor in the doubled mortality with emergency operations when compared 
with the same elective procedure in the table above from Skinner and 
Pearce (16)(Page 10). 

A generality can be made from the data in the literature. The 
operative risk in cardiac patients is two to three times that of the 
noncardiac patient when applied to the risk factor for the selected 
procedure. 

DURATION OF OPERATION 

The duration of the surgical procedure contributes to the risk 
factor in all patients, but especially in those with heart disease. 
An analysis of duration of surgery related to surgical mortality is 
seen in the following table (16). 
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ReZationship of Duration of Surgery to MortaZity 

in Cardiac Cases 

Length of Surgerl No. of Cases Mortalitl (%) 
Under 1 196 8 

1 hr - 1 hr 59 min 314 11 
2 hr 2 hr 59 min 130 17 
Over 3 hr 126 23 

The above findings indicate that mortality increases with dura
tion of surgery; however, when each operative procedure was compared 
with itself, a negative correlation was found. (See table below)(l6) 

Effect of Duration of Surgery on MortaZity in SeZected Operations 

Length of 
Surgerl (Hr) 

<2 

>2 

<3 

>3 

<3 

>3 

<1 

>1 

in Cardiac Cases 

No. of Cases 

Gall bladder surgery 

22 

26 

Subtotal gastric resection 

19 

29 

Bowel resection 

12 

15 
Transurethral resection 

34 

90 

Mortalitl (%) 

18 

8 

26 

21 

42 

20 

6 

1 

Thus, the risk is related to the procedure and not necessarily 
to the length of the operation. These findings were substantiated 
in the series reported by Nachlas et al. (14). 
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TYPE OF ANESTHESIA 

The choice of anesthetic agents and the route of administration 
in cardiac patients has been evaluated by several reviewers. The 
following table is representative of the findings (14). 

Relation of Anesthetic Age nt and Duration of Op e ration 

to Surgical Risk in Cardiac Pati e nt s 

Category 

Inhalation anesthesia 

Spinal anesthesia 

Miscellaneous* 

Operations 
(no.) 

115 

69 

16 

Mortality 
(%) 
9.6 

10.1 

18.8 

Complications 
(%) 

22.6 

17 . 4 

0 

*The miscellaneous anesthetics included nine local infiltrations, 
five with combinations of agents and two with the hibernation technic. 
The more serious nature of the illnesses in these patients is probably 
responsible for the higher mortality rate. 

No correlation between the type of anesthetic agent and the mor
tality can be found; therefore, no rationale exists for recommending 
spinal anesthesia (also often true of local anesthesia) in cardiac 
patients. The expertise of the anesthesiologists is perhaps the most 
important factor. 

Anesthesia for oral surgery is somewhat unique in that epinephrine 
is frequently used to control the rate of anesthetic agent absorption 
and dissipation in the tissues and to decrease local hemorrhage. The 
danger of adrenalin in the cardiac patient, especially the patient 
with ASHD and angina is evident. However, this danger apparently is 
minimal since only small amounts are injected, the rate of absorpti on 
is slow, and the cardiovascular response is minimal (29-35). 

RISK WITH PREVIOUS MYOCARDIAL INFARCTION OR ANGINA 

The risk of operation in patients with a previous myocardial in
farction or angina is of interest. Skinner and Pearce in the table 
below correlated mortality with angina and/or a previous myocardial 
infarction (16). 
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Effect of Arteriosclerotic and/or Hype rtensive Heart Disease 

on Mortality 

Total No. of Mortality 
Cases (%) 

All cases with 
angina pectoris 192 

Angina with possible 
or definite hyper
tensive heart 
disease 70 

All cases of healed 
myocardial infarc-
tion 170 

Healed myocardial in
farction with pos
sible or definite 
hypertensive heart 
disease 45 

Angina and healed myo-
cardial infarction 61 

Unstable angina 20 

Acute myocardial in
farction (less than 
3 months) 10 

11 

9 

14 

18 

16 

10 

40 

Intrathoracic and 
Intra-abdominal 

Cases Mortality (%) 

64 

20 

70 

13 

22 

6 

4 

27 

25 

23 

31 

27 

33 

25 

A review of the literature in the table below also reveals 
similar findings. Most importantly is the equal surgical mor-
tality in patients manifesting their · ASHD as a previous myocardial 
infarction (> 3 months postmyocardial infarction) or angina (about 
10%). This clearly illustrates that the signs or symptoms are less 
important; instead, it is the basic disease process (coronary artery 
disease) which dictates the outcome (14). The yearly mortality in 
patients with angina is about 15% the first year after onset and 
5-10%/year thereafter. This attrition rate is not a great deal 
different from the mortality with surgery in similar patients. 
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Relation of the Type of Cardiaa Manifestation to the Operative 

Mortality and Morbidity in Patients With ASHD 

Cardiac Operations Mortality Complications 
Abnormalitr Authors (no.) (%2 (%) 
Angina Sprague 13 30.8 
pectoris Butler et al. 41 7. 7 

Hickman et aZ. 3 33.3 33.3 
Morrison 58 8.6 1.7 
Lochhead et aZ. 21 0 9.5 
Nachlas et aZ. 41 12.2 10.5 

Combined Series 177 10.2 9.8 

Myocardial Butler et aZ. 8 12.5 
infarction Hickman et aZ. 8 12.5 so 

Morrison 37 8.1 2. 7 
Hannigan et aZ. 58 5. 2 24.1 
Lochhead et aZ. 30 10 3.3 
Nachlas et aZ. 52 13.5 32.7 

Combined Series 193 9.3 20 

In the table below is a review of the large series in the 
literature comparing myocardial infarction rates postoperatively 
with and without previous myocardial infarction (17-18, 38). 

Inaidenae of Postoperative MyoaardiaZ Infaration 

Postop Coronary 
Occlusion 

Operations (# Pts) (%) 

No previous MI 

Knapp 8,557 59 . 7 

Tar han 32,455 43 .13 

Topkins 12,054 79 .66 

Previous MI 

Knapp 427 26 6 

Tar han 422 28 6.6 

Topkins 658 43 6.5 
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This large series indicate a 10 to 20-fold increase in postop 
myocardial infarction in patients with a previous my ocardial infarc
tion. 

Other reports are less well documented but show some variation 
in this figure of .7 and 6% postoperative infarction rate without 
and with ASHD respectively. Hunter et al. (39) have found a 2% in
cidence of infarction in a mixed group of patients. Baer e t al. (40) 
in a similar group reported a 10% incidence postoperative infarction. 

Mauney et al. (41) reported in 365 patients, over the age of 50 
with abnormal ECG changes preoperatively, an 8% postoperative infarc
tion rate with a 53% mortality. The ECG changes preoperatively in
cluded one or more of the following: 1) previous myocardial infarc
tion, 2) bundle branch block, 3) left ventricular hypertrophy or 
strain, and 4) ST changes of injury. This group is a readily identi
fiable group of high risk patients. 

HYPOTENSION 

Even more significant was the relationship of hypotension in the 
group of patients shown in the table below (41). 

Distribution of 118 Patients Having a 30 Per Cent Decrease in 

Systolic Blood Pressure Sustained a 10-Minute 

or Longer Period During Operation 

No. in No. with BP Per Cent of Average Decrease 
Grou2 Grou2 Decrease Grou2 mm Hg 

No postoperative 
ECG change 301 87 29 60 

Postoperative ECG evi-
dence of ischemia 34 13 38 61 

Postoperative MI 
survivors 14 8 58 64 

Postoperative MI died 16 10 62 66 

Total 365 118 

Fifteen per cent of patients with this magnitude of intraoperative 
hypotension developed postoperative myocardial infarction compared with 
3 . 5% in the nonhypotensive group. This represents a 4-fold increase in 
myocardial infarction rate. Nachlas and co-workers (14) reported simi
lar findings of 11.5% mortality in high risk patients becoming hypo
tensive during operation as compared to an 8.5% mortality when no 
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operative hypotension occurred. 

One cannot with certainty attribute hypotension to the develop
ment of an acute intraoperative myocardial infarction since the hypo
tension may be the result rather than the cause of the MI. However, 
it seems prudent, with our knowledge of coronary perfusion and its 
relationship to mean aortic pressure, to guard against significant 
declines in blood pressure in patients with coronary artery disease. 

Of interest is the time of occurrence of myocardial infarction 
in the operative and postoperative period (38). 

%of Infarcts 

0 1 2 3 4 5 

Postoperative Days 

Distribution of myocardial 
infarctions by postoperative days. 
*Number of patients. 

6 

These findings emphasize the need for serial postoperative ECG's 
and enzymes in high risk patients to detect late infarctions. 

The relationship of site of operation and incidence of myocar: 
dial infarction is shown below (38). 
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Relation of Myocardial Infarction to Site and Type of Operation 

Site and Type of Operation 

Thorax and upper abdomen 

Great vessels 
Lung 
Other intrathoracic 
Biliary, upper abdomen 

Other 

Extraperitoneal abdominal 
Endoscopic: oral 

perineal 
Perineal Gut 
Anorectal 
Vertebral column 
Extremities, bone 
Head and neck 
Miscellaneous 

Total 

Previously 

(131) 
54 
14 

4 
59 

(291) 

7 
8 
5 

48 
7 

16 
23 
18 

159 

422 

Again, Post-
operatively 

(16) 
5 
5 
3 
3 

( 12) 

1 
2 
2 
2 
1 
1 
2 
1 

m 28 

*Difference between groups is significant (p < .001). 
tGenitourinary 

Again 
(%) 

(12.2)* 

9.9 
36.0 
75.0 

5. 0 
(4.1)* 

14.0 
25.0 
40.0 

4. 0 
14.0 

6.0 
9.0 
6.0 

6.6 

Several factors may precipitate myocardial infarction during and 
after operation: tachycardia, hypoxemia, hypotension, hemorrhage, 
and lowered cardiac output. These complications are more frequent 
after surgery of the great vessels, lung, and the upper abdomen. As 
a group, these more-major kinds of operations are followed by three 
times as many infarctions as any other type of operation. This fact 
indicates the need for close attention to maintaining optimal blood 
volume and pressure in the postoperative period. 

MORTALITY WITH POSTOPERATIVE MYOCARDIAL INFARCTION 

The mortality in the postoperative period related to the myocar
dial infarction is striking ((18). This represents a 3-fold increase 
in mortality. 
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Mortality From Postoperative Myocardial Infarction 

No preoperative history of myo
cardial infarction 

Positive preoperative history of 
myocardial infarction 

Totals 

Total No. 
of Cases 

12,054 

658 

12,712 

Postop 
MI 

79(.66%) 

43(6.5%) 

122 

Mortality 

21(26.5%) 

31(70.0%) 

52(42.0%) 

Arkins (42) correlated preoperative coronary pathology with post
operative myocardial infarction and found the following: 

Mortality in Relation to Preoperative Coronary Pathology 

Preoperative Patients Deaths 
Coronary Pathology No. No. 

Recent myocardial infarction 
Transmural 13 10 
Subendocardial 14 1 

Old myocardial infarction 240 54 

Other pathology 730 160 

Totals 1,005 225 

(%) 

77 
7 

22.6 

21.5 

22 

These findings suggest that recent transmural myocardial infarc
tion carries a prohibitive operative risk (< 3 months), while a sub
endocardial myocardial infarction is more benign. 

Mortality associated with postoperative myocardial infarction is 
variable but generally significantly higher than the anticipated mor
tality from myocardial infarction unrelated to surgical procedure (15, 
17, 38-43). 
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Mortality in Relation to Postoperative Myocardial Infarction 

Patients Deaths 
Authors No. No. (%) 

DePeyster et aZ. 10 7 70 
Wrobienski et aZ. 15 6 40 
Wasserman et aZ. 25 5 20 
Etsten et al. 11 2 18 
Knapp et aZ. 26 15 58 
Master et al. 35 23 66 
Ark ins et aZ. 55 38 69 
Mauney et aZ. 30 16 53 
Tar han et aZ. 28 15 54 

Totals 235 127 54 

By comparison, the mortality from myocardial infarction in a 
general hospital is approximately 30%, and in a coronary care unit 
this may be reduced to 15-20%. So myocardial infarction, or recur
rent infarction, after anesthesia and a major operation, is more 
serious and lethal than myocardial infarction alone. 

AGE OF MYOCARDIAL INFARCTION AND MORTALITY 

The relationship of the age of the myocardial infarction prior 
to surgery and a new postoperative myocardial infarction is impor
tant to decide when elective and semielective operative procedures 
could be accomplished with minimal risk (17-18). 

Effect of Time Interval Between Coronary Occlusion and Operation 

on Incidence of Postoperative Occlusion in Men Over 50 

With Preoperative Coronary Occlusion and/or MI 

Patients With Patients With Patients With 
Preoperative Postoperative Preoperative 

Time In- Coronary Coronary Myocardial 

Patients With 
Postoperative 

Myocardial 
Infarctiont 

<; 

6 
1 
2 
> 

terval Occlusions* 

6 mos. 7 
mos. -1 yr. 21 
yr. - 2 yr. 22 
yr. -3 yr. 25 
3 yr. 352 

Total 427 

*Knapp et aZ. (17). 
tTopk1ns et aZ. (18) 

Occlusions* 

7(100%) 
7(33%) 
9(41%) 
3(12%) 
0 

26 

Infarctiont 

22 
36 
49 
51 

493 

651 

12(54.5%) 
9(25.0%) 

11(22.4%) 
3(5.9%) 
5(1.0%) 

40 
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Acute Infarcts : Mortality Re lat e d to Pr oximity t o S urge r y 

No. of No. of 
Infarct to Surgerr (Dars) Cases Mortalities Mortalitr (%) 
1-15 28 12 43 

15-30 15 5 33 

30-45 0 0 0 

45-60 1 1 100 

60-75 1 1 100 

75-90 5 0 0 

Total so 19 38 

Fraser e t a l. (44) in the above table also evaluated the mortal
ity with surgery in relationship to recent prior myocardial infarction 
and concluded that the first 15 days postinfarction are the most crit
ical. The notable decline in mortality past the initial 15 days sug
gests judicious delay in all but the most urgent surgery. 

Tarhan (38) also evaluated 4 2 2 patients with previous myocardial 
inf a rctions undergoing major surgical procedures with relationship to 
postoperative infarction in the table below. 

Re lat io n of My ocardial I n farcti o n t o I n t e rval From Pr e v iou s MI 

Myocardial Infarction 

Again, Post Again 
Months Previously operativelr (%) 

0-3 8 3 37 

4-6 19 3 16 

7-12 42 2 5 

13-18 27 1 4 

19-24 21 1 5 

25+ 23 2 11 5 

Old 73 7 10 

Total 422 28 6.6 

The per cent reinfarction rate was 37% < 3 months, 16% 3 - 6 months, and 
5% thereafter. 
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The foll owing table summarizes the findings in the literature 
regarding early operation in the setting of a myocardial infarction 
(16-18, 38, 42-45). 

Mortality Related to Interval After MI* 

Fraser 
Etsten 

Topkins 

Ark ins 
Transmural 

Subendocardial 

Total 

Knapp 

Tar han 
Tar han 

Baker 

Skinner -Pearce 

Dana-Ohler 

Interval 
<3 Mo. 

<2 Mo. 

<6 Mo. 

<3 Mo. 

<6 Mo. 
<3 Mo. 

3-6 Mo. 
<3 Mo. 
<3 Mo. 
<3 Mo. 

*Numbers are small 

Postop MI 
(No. Pts) (%) 

19/50 38 
2/11 

12/22 55 

10/13 

1/14 

11/27 

7 I 7 100 

3/8 37 

3/10 16 

0/16 

4/10 

2/5 

Mortality 
(%) 

19 

77 

7 -
46 

40 

40 

In summary, this data suggests that surgical risks become pro
hibitive within the first 3 months of an acute transmural myocardial 
infarction unless the surgery is for a life-threatening situation. 

It is generally recognized that the healing time of myocardial 
infarction does not exceed 3 months. The process of healing depends 
in part upon the size of the infarct and in part upon the condition 
of the myocardial circulation. Most infarcts may be considered 
healed after 2 months and undergo little change after that (47). 
Within an additional third month the healing process should be con
solidated. 

There seems to be little evidence that mortality and morbidity 
from surgical procedures in patients postmyocardial infarction should 
be significantly increased after 3 months postmyocardial infarction 
over and above the expected morbidity and mortality occurring during 
this same period in patients postmyocardial infarction not undergoing 
surgical procedures (postmyocardial ~nfarction attrition rate). 
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To summarize the risk of surgery in patients > SO years of age: 

Ri sk of Surgery ( > 50 Y/0) 

A. No previous ASHD 

0.7-1% MI 

19-40% Mortality with MI 

3% = Over-all Surgical Mortality 

B. Previous ASHD 

4 - 6 . 5% MI 

40-70% Mortality with MI 

6-10% = Over - all Surgical Mortality 

Generally, Risk with ASHD = 2-3 Times > Without ASHD 

The reports in the literature of postoperative incidence of mor
tality from myocardial infarction are precoronary care units and pre
anesthetic and surgical monitoring in the operating and recover rooms. 
Arrhythmias are now detected immediately with monitoring systems and 
with highly trained teams the mortality from arrhythmias associated 
with acute infarction is minimal. Knowledge of the pathophysiology 
of myocardial infarctions has lead to a highly sophisticated approach 
to the prevention of hypotension, hypertension, tachycardia and severe 
bradycardia during anesthesia and in the recovery period. For these 
reasons the incidence of myocardial infarction in cardiac patients 
undergoing surgical procedures now should be considerably less than 
in these earlier reports. For instance, the mortality from coronary 
surgery with heart-lung bypass in patients with severe coronary artery 
disease approaches 10%, a truly remarkable result. 

ENZYMES 

in utilizing enzyme studies to diagnose 
in surgical patients are well known. A 
occurs due to varying degrees of skeletal 

Difficulties inherent 
myocardial muscle necrosis 
wide latitude of variation 
muscle and liver trauma. 
diagnostic of myocardial 

Isoenzymes may be helpful but not always 
injury. 

SGOT 

Ayres and Willard (48) measured SGOT changes in 266 operations 
with no evidence of myocardial damage. They found 20% of these pa
tients demonstrating elevations of their SGOT. Their results are 
summarized in the following table. 
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Incidence o f S GO T Ele v a t ion ~n Va r io u s Ope r ati ons 

Operation 

Cholecystectomy, simple 

Cholecystectomy with common duct 
exploration 

Abdominal (except biliary) 

Abdominoperineal resection 

Pelvic 

Genitourinary 

Thoracic 

Orthopedi c 

Neurologic (craniotomy) 

Mastectomy 

Miscellaneous 

Totals 

No. With SGOT 
Total Elevation 

36 1 7 

13 13 

4 2 5 

7 1 

52 3 

29 4 

14 3 

53 4 

5 2 

6 1 

9 1 

266 54 

Most of these elevations were low level, < 100. The majority 
of elevations occurred with biliary tract operations. These results 
suggest that the SGOT may be of value in most operations as an aid 
to diagnosis of myocardial infarction. However, enough variables 
occur to make the SGOT alone a tenuous diagnostic tool. It is of 
no value in biliary tract surgery. These results are similar to 
those reported by Kelley e t al . (49). 

CPK 

Determination of the activity of serum creatinine phosphokinase 
(CPK) has proved extremely useful in the diagnosis and verification 
of AMI occurring in nonsurgical patients. The highest concentrations 
of this enzyme are in skeletal muscle, myocardium, and brain: little 
activity is present in red blood cells or liver. In addition to myo
cardial infarction, an increase in CPK activity can be caused by 
skeletal muscle trauma, myopathies, hypothyroidism, and cerebral 
disorders. 

The use of this enzyme in evaluating patients for a recent MI 
is of less value following surgery because of skeletal muscle damage. 
A study by Dixon e t a l. (51) in 58 noncardiac operations has shown 
the f ollowing results: 
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180~----------------------------, 
Group 1 ••• 

2 8 3 ·-· 

OL---------------------------~ 
Preoperative 0 2 3 4 5 

Days 

-Serum creatine phosphokinase plotted as 
mean values for each group. Group 1, thoracotomy; 
groups 2 and 3, open· and closed-heart operations; 
group 4, laparotomy; group 5, patients with postopera· 
tive AMI. There is no statiitical difference between 
groups at any time interval. · 

120 

.. -.. 
, ' , ' , ' , ' 

/ ', A 
I ' 
I ', 
I ' ' ' ' ' ' ', 
: ' ' ' ' ' .. l - ........ ...... 

0~------------------------~ 
Control 0 1 2 3 4 5 

Days 

-Comparison between mean 
SCPK activity in 33 nonsurgical pa
tients (A) with AMI, and 24 postopera
t ive patients having thoracotomy with
out cardiac manipulation or AMI (8). 
Control value for 8 is the mean preoper
ative SCPK activity. The control for A 
is the mean SCPK obtained upon hos
pital admission. Therefore, temporal se
quence of SCPK change is not strictly 
comparable. 

Similar findings have been reported by Cattolica (SO) in 37 pa
tients undergoing transurethral prostatectomy (TUR). The elvation 
in CPK in these patients is thought to be due to damage to the 
detrusor smooth muscle. 

These results indicate the uselessness of this enzyme to deter
mine postoperative myocardial infarction. Isoenzymes, if available, 
may be more valuable since this determination will permit differentia
tion of myocardial CPK from other cellular origins of the enzyme. 

In summary, the SGOT and CPK are of limited value in the diag
nosis of postoperative myocardial infarction. The SGOT is the most 
useful in nonabdominal (especially liver and bile duct) operations 
while the CPK is of little value. A delayed peak or persistence 
beyond 48 hours in either or both enzymes may indicate an acute myo
cardial infarction. The ECG remains the most valid evidence for 
postoperative myocardial infarction. 

MORTALITY AND THE ELECTROCARDIOGRAM 

The ECG alone may be a predictor of increased mortality in 
certain instances. The following review by Skinner and Pearce (16) 
is representative of this correlation. 
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The Electrocardiogram and Mortality 

Intrathoracic and 

Total No. Mortality Intra-abdominal 

Of Cases (%) Cases Mortalitr (%) 
Normal ECG 76 7 19 16 

Atrial fibrillation 99 13 29 28 
1st degree heart block 34 15 15 20 

Atrial flutter 4 so 2 so 
3rd degree heart block 5 20 2 50 

Left bundle branch block 39 23 11 54 

Right bundle branch block 38 16 8 37 

Intraventricular conduc-
tion defect 41 15 16 25 

The numbers are too few for a valid statistical analysis. How
ever, the patients with normal ECG's did better than those with ab
normal ECG's . Conduction disturbances and arrhythmias (especially 
atrial flutter) had a higher mortality than the remainder of the 
group. Left bundle branch block was followed by a 23% mortality as 
compared with 7% in patients with . normal ECG's. 

Gertler et al. (54) reported 15 patients with right bundle 
branch block and 6 with left bundle branch block with no surgical 
mortality. Pfeiffer and LaDue (55) and Berg and Kotler (56) also 
showed no increased mortality with conduction defects. 

No conclusion can be derived at this time regarding the signi
ficance of conduction defects and mortality with noncardiac surgery. 
The indications for temporary cardiac pacing during surgery are also 
difficult to define. 

CONGESTIVE MEART FAILURE 

Every effort should be made to treat and overcome congestive 
heart failure prior to operation. Only life-threatening emergency 
operations should be performed in uncomplicated patients. The mor
tality rate with surgery rapidly increases as the functional classi
fication (I-IV) increases. 

. Care should be taken not to overdiurese patients and decrease 
their cardiac output and cardiac reserve. Anesthetics may decrease 
peripheral vascular resistance and vasovagal reactions may occur, 
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resulting in hypotension in cardiac patients. Patients with de
pressed cardiac outputs due to overdiuresis are especially prone 
to become hypotensive. 

Antihypertensive drugs may also result in hypotension during 
anesthesia. These drugs, including diuretics, should be discon
tinued, if possible, prior to surgery. The anesthesiologist should 
be aware the patient has been taking the drugs so that he may antic
ipate hypotension and have appropriate drugs readily available to 
maintain blood pressure. Additional saline infusions may be indi
cated prior to or during induction in those patients thought to be 
volume depleted or peripherally dilated. 

FUNCTIONAL CLASSIFICATION (DEBILITY) AND SURGICAL RISK 

The functional classification (NYHA) of cardiac patients is 
clearly related to the degree of cardiac ·dysfunction, and this is 
reflected in the surgical mortality ( 16). 

Rel a tion sh ip o f Funct ional Cla s si f ica t ion t o Mor ta lit y 

Functional classification* Total No. of Cases Mortality (%) 

Class I 46 4 

Class II 569 11 

Class III 145 25 

Class IV 6 67 

*New York Heart Association 

Furthermore, the risk of surgery increases in each functional 
class if the patient requires digitalis and diuretics to maintain the 
functional classification, as suggested from the table below (16). 

Effec t of Digitali s and Diur e tic s 

Functional classification* Tot_a __ l __ N_o~. __ o_f __ ~C~a~s~e~s~----~M~o~r_t~a~l~i~t4y~(~%~}. 
Class II 

(No digitalis or diuretics) 325 9 

Class II 
(Digitalis and/or diuretics) 244 12 

Class III 
(No digitalis or diuretics) 16 19 

Class III 
(Digitalis and/or diuretics) 109 27 

*New York Heart Association 
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RHEUMATIC VALVULAR HEART DISEASE 

The mortality and morbidity in this group of patients are 
clearly tied to the functional classification, i.e., the magnitude 
of their congestive heart failure. 

Skinner and Pearce (16) found the following results in noncar
diac surgery in their patients with valvular heart disease maximally 
compensated prior to surgery. 

Type Of 
Heart Disease 

Mitral lesion 

Aortic lesion 

Combined lesion 

Mortality in Rheumatic Heart Disease 

Total No. Mortality 
Of Cases (%) 

35 6 

59 10 

17 6 

Intrathoracic and 
Intra-abdominal 

Cases Mortality 

9 6 

15 20 

4 25 

(%) 

Patients with valvular heart disease tolerate surgery better 
than patients with arteriosclerotic heart disease. Morrison (23) 
noted a 4.8% mortality in 108 patients with mitral valve disease 
undergoing 147 procedures and concluded that there was only a slight 
increase in surgical risk in this group. Aortic valve disease, es
pecially stenosis, has the worst prognosis of all the valvular dis
eases. 

HYPERTENSION 

The risk of elevated blood pressure to surgical mortality was 
evaluated by several authors. Surprisingly, no real increase in 
mortality resulted in the hypertensive patients. Perhaps this was, 
in part, patient selection. Furthermore, patients undergoing treat
ment with antihypertensive agents had very little increased risk of 
operation or anesthesia (16, 28, 36-37). 
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Blood PPessuPe and MoPtality in CaPdiao Cases (16) 

Intrathoracic and 
Intra-abdominal 

Blood Pressure Total No. Mortality 
Cmm Hg) Of Cases (%) Cases Mortalitr (%) 

Systolic 
<100 12 50 9 55 

101-140 368 11 146 23 

141-200 331 14 96 25 

>200 55 14 17 29 

Diastolic 
<51 13 15 6 33 

51-95 562 12 195 24 

96-110 148 17 45 31 

>110 43 16 22 27 

ASSOCIATED PULMONARY DISEASE 

Skinner and Pearce (16) evaluated 75 cases with acquired heart 
disease and co-existent symptomatic chronic lung disease without 
definite evidence of cor pulmonale and 25 cases of cor pulmonale. 
Their results are: 

MoPtality in Funotionally Symptomatio ChPonio PulmonaPy Disease 

Chronic pulmonary 
without cor 
pulmonale 

Pulmonary heart 
disease 

With and Without CoP Pulmonale 

Total No. 
Of Cases 

75 

24 

Mortality 
(%) 

20 

29 

Cases 

27 

12 

Intrathoracic and 
Intra-abdominal 

Mortalitr (%) 

37 

so 

In summary, one might formulate the following risk scale for non
cardiac operations in cardiac patients: 
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Order of Incr e asing Su r g i cal Ri sk s 

No cardiac disease 

Hypertension 

Angina infrequent with normal ECG 

Angina frequent 

Angina infrequent with abnormal ECG 

Previous MI, asymptomatic 

Previous MI, symptomatic 
< 2 years 

Other heart disease - Funct i onal Class III and IV 

Associated severe pulmonary diseas e 

Recent MI < 3 months 

INDICATIONS FOR PROPHYLACTIC DEMAND PACING PRIOR TO 

ANESTHESIA AND OPERATION 

A temporary demand trans venous-type pacemaker is probably indi
cated in the following situations: 1) second-degree atrioventricular 
(AV) block, 2) third degree AV block, 3) right bundle branch block 
with abnormal right or left axis deviation and first degree AV block, 
4) left bundle branch block and first degree AV block, 5) alternating 
right bundle branch block and left bundle branch block, 6) sinoatrial 
block, and 7) a history of Adams-Stokes seizures . The pacing catheter 
should not be removed until after the patient's conditions has been 
stable for several days. We are currently using the above indications 
for pacing; however, exception has been taken to these indications. 
Berg and Kotler (56) report the following: 

"Thirty patients with electrocardiographic evidence of bilateral 
bundle branch block (BBBB) underwent 36 surgical procedures. 
Despite an 83 per cent incidence of significant cardiac disease, 
the overall mortality was 10 per cent. In no case was death 
attributable to complete heart block, though one patient was 
found at postmortem to have suffered acute myocardial infarc
tion. Patients with previous syncopal episodes showed no 
increased incidence of arrhythmias and no patient had a docu
mented Stokes-Adams attack. It would appear that the routine 
use of temporary cardiac pacemakers is not justified in the 
preoperative patient with presumed BBBB. However, since the 
factors that ultimately cause complete heart block are not 
known in patients with BBBB, constant cardiac monitoring is 
mandatory in the intraoperative and immediate postoperative 
period." 
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PROPHYLACTIC DIGITALIZATION 

In the absence of overt heart failure or atrial flutter or 
fibrillation the prophylactic administration of digitalis in the 
preparation of patients for anesthesia and operation remains con
troversial. Routine digitalization of all elderly patients prior 
to major surgery has been advocated by some (58), whereas others 
believe that digitalis is not indicated even in patients about to 
undergo cardiac surgery (59). 

Unexpected acute heart failure and/or serious cardiac arrhyth
mias during or after major surgical procedures were first described 
by Levine (60) in 1920. Since then, numerous reports have dealt 
with the effects of digitalis on the prevention and management of 
these problems during anesthesia, operation and the postoperative 
period (61-63). 

Effects of Anesthesia on Cardiovascular Function 

All general anesthetics depress contractility of the isolated 
heart or decrease cardiac output of the heart-lung preparation at 
concentrations which produce light surgical anesthesia (64-65). In 
normal man receiving ether or cy c l opropane, cardiac output is well 
maintained or, in some instances, increased until deep planes of 
anesthesia are reached. Increased sympathetic activity during ether 
or cyclopropane anesthesia, as evidenced by increased levels of 
circulating norepinephrine, may explain, in part, the cardiovascular 
response in man and animals. Halothane and methoxyflurane, on the 
other hand, generally result in significant reductions in cardiac 
output in normal man. In the patient with heart disease with 
borderline cardiac compensation, induction of anesthesia with any 
anesthetic may result in significant impairment of cardiac con
tractility. In general, light cyclopropane and light nitrous 
oxide anesthesia appear to have the smallest myocardial depressant 
effects in these patients, although precise measurements of cardiac 
function have not been reported. 

Op e ration and the Postoperative Period 

Following a major abdominal or thoracic operation, there is a 
substantial rise in cardiac output (66-68) in response to the mul
tiple stresses of operation and the postoperative period. Addi
tional increases in cardiac output may occur in the presence of 
postoperative complications. Inability to achieve this obligatory 
increase in cardiac output may result in congestive heart failure 
of the classical type, or the "low cardiac output syndrome" with 
low urine output, vasoconstriction and hypotension. Postoperative 
mortality is higher in patients whose cardiac outputs do not in
crease in response to these metabolic demands (67-68). 
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In patients with rheumatic, hypertensive or coronary artery 
disease without heart failure, cardiac decompensation may occur 
for the first time in response to anesthesia and operation. In 
these patients, cardiac function is adequate to maintain compen
sation during normal activity, but cardiac reserve may be insuf
ficient to allow an increase in cardiac output appropriate to the 
stress of operation. 

Modification by Digitalis of the Cardiac Effects of Anesthesia 

Operation and Postoperative Stress 

Prophylactic administration of digitalis may reduce the nega
tive inotropic effects of anesthetic agents. Goldberg and co
workers demonstrated that digoxin reduces the negative inotropic 
effects of large doses of thiopental (69) and halothane (70). 
Shimosato and Etsten (71) observed that ouabain reduces myocardial 
depression secondary to administration of halothane in dogs. 

These studies indicate that in patients with limited cardiac 
reserve, digitalis given prior to induction of anesthesia may pre
vent the cardiac depressant effects of anesthesia. 

Cardiac Arrhythmias With Anesthesia, Operation 

and Postoperative Period 

In nearly every reported series, atrial fibrillation or flutter 
has been the arrhythmia noted most frequently in the postoperative 
period. In a review of the literature by Deutsch and Dalen (72), 
they found the following incidence of arrhythmias: 

Types of Reported Postoperative Arrhythmias (73-78] 

Atrial Flutter 
Atrial Fibrillation 

AV block 
Ventricular Tachycardia 

Atrial Tachycardia 
Supraventricular Tachycardia 
Nodal Tachycardia 

Per Cent of 
Reported Arrhythmias 

70 

12 

18 
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From this data it is apparent that digitalization might be of 
value in this group of patients. 

In patients who are likely to develop postoperative atrial 
fibrillation or flutter, i.e., the elderly and those with heart 
disease, preoperative digitalization decreases the probability of 
rapid ventricular rates. Rapid ventricular response to atrial 
fibrillation is a threat per se, and its therapy may present ad
ditional hazards to the patient. 

The effect of preoperative digitalization on ventricular rate 
was studied in 53 patients who developed atrial fibrillation after 
mitral valve surgery (79). In 12 patients who had not taken digi
talis, the average increase in ventricular rate with the onset of 
atrial fibrillation was 74 beats/min, resulting in an average ven
tricular rate of 163 (range 120-200). In 18 patients who had been 
incompletely digitalized, ventricular rate increased by 50 beats/ 
min, with a resultant average ventricular rate of 138. However, 
in 23 patients who had been fully digitalized prior to surgery, the 
average increase was only 22 beats/min when atrial fibrillation oc
curred. 

There is some evidence that in addition to slowing ventricular 
rate if atrial fibrillation or flutter occurs preoperative digitaliza
tion may actually decrease the incidence of postoperative arrhythmias. 
In a series of 302 patients not digitalized before thoracic surgery, 
the incidence of postoperative arrhythmias was 23 per cent, whereas 
in 137 digitalized patients, the incidence was only 12 per cent (74). 
In another series of patients undergoing pulmonary procedures, post
operative arrhythmias occurred in seven of the 50 nondigitalized 
patients, but in only two of 73 digitalized patients (75). 

Another series was reported by McCord (80) of 68 patients under
going colon and rectal surgery with associated cardiovascular dis
ease and over 60 years of age. Twenty - nine were digitalized and 39 
were not digitalized preoperatively. In the digitalized group, a 
C-V complication rate of 17% and mortality rate of 7% were found 
while in the group not digitalized, a C-V complication rate of 40% 
was reported and an 18% mortality. 

Brockner and Christiansen (81) have evaluated the cardiac com
plications requiring digitalization in the postoperative period in a 
homogenous group of surgical patients. 

The incidence of postoperative cardiac complications requring 
digitalization was studied in 235 patients operated upon for carcinoma 
of the stomach. 

Six patients had atrial fibrillation with rapid perpetual ar
rhythmia or manifest decompensation. These were the only ones to be 
digitalized preoperatively; no complications were recorded in 5 of 
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them, while one succumbed on the sixth postoperative day to coronary 
occlusion. 

Sixty-eight of the remaining patients had either cardiac symp
toms in their histories, electrocardiographic changes suggestive of 
myocardial degeneration, or enlargement of the heart demonstrated 
roetgenographically. These patients were not digitalized preopera
tively; SO per cent of them developed postoperative cardiac compli
cations requiring digitalization. 

Albeit this data is circumstantial, it does suggest some bene
fit from preoperative digitalization in patients with cardiac disease. 

Deutsch and Dalen (72) have formulated the following indications: 

Recommendations for Preoperative Digitalization 

(in Patients for Whom Digitalis is Not Contraindicated) 

I. Established indications 

A. Overt heart failure 

B. Atrial fibrillation or flutter 

II. Prophylactic digitalization 

A. To prevent intra- or postoperative heart failure: 

1. Past history of heart failure even though now 
well compensated 

2. Cardiac enlargement disclosed by chest x-ray 

3. EKG evidence of left or right ventricular hyper
trophy 

4. Evidence of coronary artery disease (by history 
or EKG) 

B. To prevent or control postoperative arrhythmias: 

1. History of documented episodes of atrial fibril-
lation or flutter 

2. All patients undergoing cardiac surgery 

3. Patients over age SO undergoing pulmonary surgery 

4. Patients with aortic stenosis or mitral stenosis 
(with or withnut cardiac enlargement) 

Perhaps this is overzealous but should be considered and individualized 
when consulting in the preoperative period. 



- 35 -

BIBLIOGRAPHY 

1. Biorck, G., Blomqvist, G. , and Sievers, J.: Myocardial infarc
tion. Eie Prognose Chronischer Erkrankungen, Springer-Verlag, 
Berlin. PP 65 - 68 in Linneweh, F. 1960. 

2. Biorck, G., Sievers, J., and Blomqvist, G.: Studies on myocar
dial infarction in Malmo 1935-1954. Follow-up studies from a 
hospital material. Acta Med. Scandinav. 162:81, 1958. 

3 . "Research on Acute Myocardial Inf arction",130. by Stuart 
Bondurant, M. D. Circulation 40-IV:l, 1969. 

4. Sievers, J. : Myocardial infarct i on. Clinical features and out
come in three thousand thirty - six cases. Acta Med. Scandinav. 
175, Suppl. 406, 1963. 

5. "Coronary Heart Disease in Seven Countries", Ed. by Ancel Keys, 
Ph.D. Circulation 41-I : l, 1970. 

6. Gubner, R. S., and Ungerleider, H. E . : Long - term prognosis and 
insurability in coronary heart disease. Am. Heart J. ~:436, 
1959. 

7. We i nblatt, E., Shapiro, S., Frank, C. W., and Sager, R. V.: 
Prognosis of men after first myocardial infarction: Mortality 
and first recurrence in relation to selected parameters. Am. 
J. Public Health 58:1329, 1968. 

8. Richards, D. W., Bland, E. F., and White , P. D. : A completed 
five - year follow-up study of 200 patients with myocardial in
farction. J . Chron. Dis . 4 : 415 , 1956 . 

9. Morris, J . N., Heady, J. A . ~ and Barley, R. G. : Coronary heart 
disease in medical practitioners. Brit. Med. J. 1:503, 1952. 

10. Smith, C.: Length of survival after myocardial in~arction. 
J.A . M.A. 151:167, 1953. 

11. Billings, ~T., Jr., Kalstone, B. M. , Spencer, J. L., Ball, 
C. 0. T., and McNeely, G. R.: Prognosis of acute myocardial 
infarction. Am. J . Med. 7:356, 1949. 

12. Weiss, M. M.: Ten-year prognosis of acute myocardial infarction. 
Am. J. Med. Sci. 231:9, 1956. 

13. Eckerstrom, S.: Clinical and prognostic aspects of acute coro
nary occlusion. Acta Med. Scandinav .. Suppl. 250, 1951. 

14. Nachlas, M. M., e t aZ.: The influence of arteriosclerotic heart 
disease on surgical risk. Am. J. Surgery 101:447, 1961. 

15. Mattingly, T. W.: Patients with coronary artery disease as a 
surgical risk. Am. J. Cardiol. 12:279, 1963. 

16. Skinner, J. F., and Pearce, M. L.-:- Surgical risk in the cardiac 
patient. J. Chron . Dis. 17:57, 1964 . 

17. Knapp, R. B.: The cerebrovascular accident and coronary oc
clusion in anesthesia. J.A . M.A. 182:332, 1962. 

18. Topkins, M. J., and Artusio, J. F. -:--Myocardial infarction and 
surgery. Anesthesia and Analgesia. 43:716, 1964. 

19. Butler, S., Feeney, N., and Levine, S-.-A.: The patient with 
heart disease as a surgical risk . Review of four hundred and 
fourteen cases. J.A.M.A. 95:85, 1930. 

20. Etsten, B. E., Weaver, D. C~ Lu, T. H., and Friedman, J. B.: 
Appraisal of the coronary patient as an operative risk. New 
York J. Med. ~:2065, 1954. 



- 36 -

21. Lochhead, R. P., Co a kley, C. S., and Evans, J. M.: The risk 
of major surgery in patients with coronary artery disease. Am. 
J. Med. Sci. 127:624, 1954. 

22. Brumm, H. J., and Willius, F. A.: The surgical risk in patients 
with coronary disease. J.A.M.A. 112:2377, 1939. 

23. Morrison, D. R.: The risk of surgery in heart disease. Sur
gery 23:561, 1948 . 

24. Spragu~ H. B.: The heart in surgery. An analysis of the re
sults of surgery on cardiac patients during the past ten years 
at the Massachusetts General Hospital. Surg . Gynec. Obstet. 
49:54, 1929. 

25. Alexander, S., and McAlpine, F. S.: Cholecystectomy in the 
cardiac patient. Med. Clin. N. Amer. 50:495, 1966. 

26. Keys, J. R., Dry, T. J., Walters, W., ana Gage, R. P.: Cholecys
tectomy in patients with coronary heart disease. Proc. Staff 
Meet. Mayo Clinic 30:587, 1955. 

27. Erlik, D., Valero, A~ Birkhan, J., and Gersh, I.: Prostatic 
surgery and the cardiovascular patient. Brit. J. Urology 
40:53, 1968. 

28. Howat, D. D. C.: Cardiac disease, anaesthesia and operation for 
noncardiac condition. Brit. J. Anaesth. 43:288, 1971. 

29. Archer, H.: A Manual of Dental Anesthesia-.- Philadelphia, 1952, 
W. B. Saunders Company. 

30. Salman, I., and Schwartz, S. P.: Effects of vasoconstrictors 
used in local anesthetics in patients with diseases of the heart. 
J. Oral Surgery 13:209 , 1955. 

31. Special Report: Management of Dental Problems in Patients With 
Cardiovascular Disease. J.A.M.A. 187:848, 1964. 

32. Bonica, J. J.: Anesthesia in the pregnant cardiac patient. 
Clin. Obstet. Gynec. 11:940, 1968. 

33. Marlette, R. H. : Anestnetic management of the cardiac patient 
in oral surgery. Oral Surgery 18:600, 1964. 

34. Editorial: Management of Dental-rroblems in Patients with 
Cardiovascular Disease (special report). J.A.M.A. 187:848, 
1964. -

35. Editorial: Cardiac Irregularities During Dental Anaesthesia. 
Lancet 1:754, 1966. 

36. Katz, R.-L., Weintraub, H. D. , and Popper, E. M.: Anesthesia, 
surgery and Rauwolfia. Anesthesiology 25:142, 1964. 

37. Dingle, H. R.: Antihypertensive drugs ana anaesthesia. 
Anaesthesia 21:151, 1966. 

38. Tarhan, S., Moffitt, E. A., Taylor, W. F., and Giuliani, E. R.: 
Myocardial infarction after general anesthesia. J.A.M.A. 220: 
1451, 1972. 

39. Hunter, P . R., Endrey-Walder, P., Bauer, G. E., and Stephens, 
F. 0.: Myocardial infarction following surgical operation. 
Brit. Med. J. 4:725, 1968. 

40. Baer, S., Nakjavan, F., Kajani, M.: Postoperative myocardial 
infarction. Surg. Gynec. Obstet. 120:315, 1965. 

41. Mauney, F. M., Jr., Ebert, P. A., and Sabiston, D. C. Jr.: 
Postoperative myocardial infarction: A study of predisposing 
factors, diagnosis and mortality in a high risk group of 



- 3 7 -

surgical patients. Ann. Surg. 172:497, 1970. 
42. Arkins, R., Smessaert, A. A., HiCKS, R. G.: Mortality and mor

bidity in surgical patients with coronary artery disease. 
J.A.M.A. 190:458, 1964. 

43. Etsten, B.~nd Prager, S.: Operative risk in patients with 
coronary heart disease. J.A.M.A. 159:845, 1955. 

44. Fraser, J. G., Ramachandran, P. R., Davis, H. S.: Anesthesia 
and recent myocardial infarction. J.A.M.A. 199:318, 1967. 

45. Baker, H. W., Grismer, J. T., and Wise, R. A.-:--Risk of sur
gery in patients with myocardial infarction. Arch. Surg. 70: 
739, 1955. . 

46. Dana, J. B., and Ohler, R. 1.: Influence of heart disease on 
surgical risk. J.A.M.A. 162:878, 1956. 

47. Mallory, G. K., White, P. ~and Salcedo-Salgar, J.: Speed 
of healing of myocardial infarction. Am. Heart J. 18:647, 1939. 

48. Ayres, P. R., and Willard, T. B.: Serum glutamic oxalacetic 
transaminase levels in 266 surgical patients. Ann. Int. Med. 
52:1279, 1960. 

49. Kelley, J. L., Campbell, D. A., and Brandt, R. L.: The recog
nition of myocardial inarction in the early postoperative period. 
Arch. Surg. (Chicago). 94:673,1967. 

50. Cattolica, E. V.: Effec~of transurethral surgery upon the 
serum enzyme, creatinine phosphokinase. J. Urology 106:262, 
1971. -

51. Dixon, S. H., Jr., Fuchs, C. A., and Ebert, P. A.: Changes in 
serum creatinine phosphokinase activity following thoracic, 
cardiac, and abdominal operations. Arch. Surg. 103:u6, 1971. 

52. Hunter, P. R., Endrey-Walder, P., Bauer, G. E., ana-stephens, 
F. 0.: Myocardial infarction following surgical operations. 
Brit. Med. J. 4:725, 1968. 

53. Mauney, F. M., Jr., Ebert, P. A., and Sabiston, D. C., Jr.: 
Postoperative myocardial infarction: A study of predisposing 
factors, diagnosis and mortality in a high risk group of sur
gical patients. Ann. Surg. 172:497, 1970. 

54. Gertler, M. M., Finkle, S., Hudson, P. B., and Neidle, G.: Car
diovascular evaluation in surgery: Operative risk in cancer pa
tients with bundle branch block. Surg. Gynec. Obstet. 99:441, 
1954. --

55. Pfeiffer, P. H., and LaDue, J. S.: Major surgical operations 
in the presence of bundle branch block. Am. J. Med. Sci. 217: 
369' 1949. 

56. Berg, G. R., and Kotler, M. N.: The significance of bilateral 
bundle branch block in the preoperative patient. A retrospective 
electrocardiographic and clinical study in 30 patients. Chest 
59:62' 1971. 

57. Garcia, J. E., Middleton, S. L., and Anderson, A. E.: The car~ 
diac patient as a surgical risk. New Orleans Med. Surg. J. 
104:715, 1952. 

58. Moyer, J. H., Alexander, S. F., Brest, A. N., Dack, S., Kay, 
C. F., Keats, A. S., Mattingly, T. W., Metcalfe, J., Morris, 
G. C., Schreiner, G. E., Siekert, R. G., and Zinsser, H. F., Jr.: 
Panel Discussion I. · Am. J. Cardiol. ~:363, 1963. 



- 38 -

59. Selzer, A., Kelly, J., Jr., Gerbode, F., Kerth, W. J., Osborn, 
J. J., and Popper, R. W.: Case against routine use of digi 
talis in patients undergoing cardiac surgery. J.A.M.A. 195: 
549, 1966. 

60. Levine, S.: Acute cardiac upsets, occurring during or following 
surgical operation. J.A.M.A. 75:795, 1920. 

61. Erlanger, H.: Cardiac arrhythmias in relationship to anesthesia: 
Past and present concepts. Am. J. Med. Sci. 243:651, 1962. 

62. Lown, B., Black, H., and Moore, F. D.: Digital1s, electrolytes 
and the surgical patient. Am. J. Cardiel. 6:309, 1960. 

63. Talmage, E. A.: The role of ouabain in myocardial insufficiency 
during anesthesia and surgery. Am. J . Cardiel . 6:747, 1960. 

64. Price, H. 1., and Helrich, M.: The effect of cyclopropane, 
eiethyl ether, nitrous oxide, thiopental and hydrogen ion con 
centration on the myocardial function of the dog heart-lung 
preparation. J. Pharmacal. Exp. Ther. 115:206, 1955. 

65. Placke, W., and Alper, M. H.: Actions or-lialothane and norepi
nephrine in the isolated mammalian heart. Anesthesiology 
793, 1962. -

66. Clowes, G. H., Del Guercio, L. R., and Barwinsky, J.: Circula
tory response to the trauma of surgery and its relationship to 
chemical homeostasis. Circulation 22:734, 1960. 

67. Boyd, A. D., Tremblay, R., Spencer,~ C., and Bahnsen, H. T.: 
Estimation of cardiac output soon after intracardiac surgery 
with cardiopulmonary bypass. Ann. Surg. 156:613, 1959. 

68. Clowes, G. H., Jr., and Del Guercio, L. R.-:--Circulatory re
sponse to trauma of surgical operations. Metabolism 9:67, 1960. 

69. Goldberg, A. H., Maling, H. M., and Gaffney, T. E.: The effect 
of digoxin pretreatment on heart contractile force during thio
pental infusion in dogs. Anesthesiology 22:975, 1961. 

70. Goldberg, A. H., Maling, H. M., and Gaffne~ T. E.: The value 
of prophylactic digitalization in halothane anesthesia. 
Anesthesiology 23:207, 1962 . 

71. Shimosato, S., and Etsten, B.: Performance of digitalized 
heart during halothane anesthesia. Anesthesiology 24:41, 1963. 

72. Deutsch, S., and Dalen, J. E.: Indications for prophylactic 
digitalization. Anesthesiology 30:648, 1969. 

73. Krosnick, A., and Wasserman, F.: -cardiac arrhythmias in the 
older age group following thoracic surgery. Am . J. Med. Sci. 
230:541, 1955. 

74. Wheat, M. W., and Burford, T. H.: Digitalis in surgery: Exten
sion of classical indications. J. Thorac. Cardiovasc. Surg. 41: 
162, 1961. 

75. Shields, T., and Ujiki, G. T.: Digitalization for prevention of 
arrhythmias following pulmonary surgery. Surg. Gynec. Obstet. 
126:743, 1968. 

76. Popper, R., Knott, J. M., Selzer, A., and Gerbode, F.: Arrhyth
mias after cardiac surgery. Am. Heart J. ~:455, 1962. 



- 39 -

77. Williams, J., Jr., Morrow, A., and Braunwald, E.: The inci
dence and management of "medical" complications following car
diac operation. Circulation 32 : 608, 1965. 

78. Rogers, W., Wroblewski, F., ana-LaDue, J.: Supraventricular 
tachycardia complicating surgical procedures. Circulation 7: 
192, 1953. 

79. Selzer, A., and Walter, R. M.: Adequacy of preoperative digi
talis therapy in controlling ventricular rate in postoperative 
atrial fibrillation. Circulation 34:119, 1966. 

80. McCord, B. L.: The digitalization ot elderly patients with 
cardiovascular disease requring colectomy. J. Kansas Med. Soc. 
68:295, 1967. 

81. Brockner, J., and Christiansen, J.: Evaluation of surgical 
patients for preoperative digitali zation. Acta Chir. Scandinav. 
129:105, 1965. 


