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Prospective study of the value of necropsy
examination in early death after cardiac surgery
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J L Monro

Abstract
Objective-To assess the value of
necropsy examination in patients dying
soon after cardiac surgery, particularly
the proportion of clinical questions
answered by the necropsy, the frequency
of major unexpected findings, and the
limitations of the procedure.
Design-A three year prospective study of
necropsy examinations in adult patients
dying before discharge or within 30 days
of cardiac surgery performed under
cardiopulmonary bypass in one hospital.
Setting-Tertiary referral centre.
Results-123 of 2781 patients (4.4%) died
in the early postoperative period, and
necropsy examination was performed in
108 of these (88%). The mortality after
emergency procedures (18%) was much
higher than after routine operations
(2.6%). The main causes of death were
cardiac failure (52%), haemorrhage
(14%), cerebral disease (6%), and pul-
monary emboli (5%). The necropsy
changed the stated cause of death in 16
patients (15%), and answered clinical
questions in 24 of 38 patients. In 15
patients necropsy examination did not
provide a full explanation of death. Most
of these patients died of cardiac failure
soon after surgery or were sudden unex-
pected deaths.
Conclusions-Necropsy examination in
patients dying early after cardiac surgery
is valuable as it answers the majority of
clinical questions, and shows unexpected
findings in a significant proportion of
cases.
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The value of necropsy has been investigated in
unselected patients, but we are not aware of
any such studies of patients dying after cardiac
surgery. This study was prompted by the
impression among general pathologists in our

hospital that necropsy examinations in patients
dying early after cardiac surgery were often
unrewarding. The aim of the study was to
answer three questions: (1) How often does the
necropsy in such patients answer the clinical
questions? (2) What is the frequency of major
unexpected findings? (3) What are the limita-
tions of necropsy in these patients? We aimed
to achieve as high a necropsy rate as possible to
ensure the results were representative.

Methods
We studied prospectively all early deaths after
cardiac surgery under cardiopulmonary bypass
performed in the Wessex Cardiothoracic
Centre over a three year period from August
1991 to July 1994. Early death was defined as
death within 30 days of surgery, or before dis-
charge from the Wessex Cardiothoracic
Centre. Only adults aged 16 years or over were
studied. The policy of the unit is to request a
necropsy examination on all early deaths. For
all patients dying after discharge the following
were reviewed: hospital case notes, necropsy
report and histology, and if relevant general
practitioner records.

Cardiac failure was a clinicopathological
diagnosis, defined as failure of the left ventricle
resulting in pulmonary oedema. Most patients
with cardiac failure had hypotension and olig-
uria, and were receiving inotropes or had an
intra-aortic balloon pump. We recognise the
problem of cardiac failure as a pathological
diagnosis, in that it does not equate with a
structural lesion. Where possible the diagnosis
of cardiac failure was qualified with a cause.
Preoperative cardiac failure as a cause of death
was defined to include patients who were
receiving inotropes, or had an intra-aortic bal-
loon pump, or no spontaneous cardiac output
when they went to theatre, and in whom
cardiac failure persisted after coming off
cardiopulmonary bypass until death. Peri-
operative or postoperative cardiac failure was
diagnosed if there were clinical features of car-
diac failure developing during or after surgery
and evidence of a new pathological change
(infarction or contraction band necrosis) at
necropsy. Haemorrhage as a cause of death
required at least 400 ml of blood loss. "Sudden
deaths" included patients who were found
dead or died within an hour of the onset of
symptoms after an initially uncomplicated
postoperative course. In sudden unexplained
deaths necropsy examination gave no definite
cause of death.

In necropsies performed by the authors, a
minimum of five sections of ventricular
myocardium were taken: right ventricle, inter-
ventricular septum, and anterior, lateral, and
posterior left ventricle. In hearts with bypass
grafts, we took sections of the grafts including
distal anastomoses, and sections of the
myocardium supplied. Necrosis was diagnosed
using haematoxylin and eosin sections. No
enzymatic methods were used.
The approximate incidence of different

causes of deaths was compared in patients
undergoing emergency and non-emergency
procedures. Patients who did not have a
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Table 1 Early mortality after different procedures

Deaths:operatwns (early mortality)

Procedure Non-emergency Emergency All procedures

Coronary artery bypass grafts 23:1423 (1-6%) 17:153 (11%) 40:1576 (2.5%)
Aortic valve replacement+CABG 10:195 (5%) 2:10 (20%) 12:205 (6%)
Aortic valve replacement 7:386 (2%) 6:41 (15%) 13:427 (3%)
Mitral valve replacement 7:102 (7%) 4:16 (25%) 11:118 (9%)
Aortic and mitral valve replacements 1:37 (3%) 1:7 (14%) 2:44 (5%)
Repair of acquired ventricular septal defect+ CABG - 14:37 (38%) 14:37 (38%)
Other procedures (acquired disease) 15:257 (5-8%) 15:61 (25%) 30:318 (9-4%)
Congenital heart disease 1:56 (2%) - 1:56 (2%)
All procedures 64:2456 (2-6%) 59:325 (18%) 123:2781 (4 4%)

CABG, coronary artery bypass grafts.

necropsy examination were excluded. Relative
risks were calculated and comparisons made
using the Fisher exact test test.

perioperative infarction or

occlusion after undergoing
bypass grafting.

coronary artery
coronary artery

Results
Over the three year period from August 1991
to July 1994, 2781 adult patients underwent
cardiac surgery on cardiopulmonary bypass.
Of these, 123 died in the early postoperative
period. The mortality after emergency proce-
dures (18%) was much higher than after rou-

tine operations (2.6%). The early mortality
after selected procedures is given in table 1.

Necropsy examination was performed in
108 of the 123 early deaths (88%). The
necropsy rate for patients dying in
Southampton was 97/107 (91%), and for
patients dying after discharge 11/16 (69%).
Of the 97 patients having a necropsy in
Southampton, 85 were performed or reviewed
by AHSL, BTB, or PJG. Half the early deaths
were in the first postoperative week. The

necropsy rate was high in patients dying within
three weeks of surgery (94%), but declined
after this (61%).

CAUSES OF DEATH
Cardiac failure
Cardiac failure was the most common mode of
death (56/108) (table 2). An underlying cause

was established in 48 patients. The most com-

mon predisposing cause of preoperative heart
failure was preoperative infarction, and 22 of
these 27 patients had emergency surgery. This
was particularly common in patients undergo-
ing emergency coronary artery bypass grafting
or repair of a postinfarction ventricular septal
defect. Nine of the 11 patients with preopera-
tive cardiac failure due to valvar disease had
emergency valvar surgery. Seven of the eight
patients with perioperative cardiac failure had

Haemorrhage
Haemorrhage at the site of a procedure was

the cause of death in 15 patients: aortic dissec-
tion (2), aortotomy site (1), right atrial cannu-
lation site (1), coarctation repair anastomosis
(1), detached distal anastomosis of graft to
coronary artery (3), side branch of saphenous
vein graft (1); and related to mitral valve
replacement, in two around the mitral valve
and in one in the lateral left ventricle below
the mitral valve. Three deaths were related to
non-cardiac procedures: Swan-Ganz catheter
causing pulmonary artery rupture (1), haem-
orrhage from the femoral artery (1), and rup-
ture of the common iliac artery (1), both the
latter after insertion of an intra-aortic balloon
pump.

Pulmonary emboli
Five of the six patients dying of pulmonary
emboli had undergone coronary artery bypass
grafting. Four of these five had venous throm-
bosis of the leg: in three in the leg from which
the saphenous vein grafts were taken; in one,
the side of the venous thrombosis was not
stated by the pathologist; in the fifth patient no
venous thrombosis was found.

Other causes of death
Cerebral causes of death included infarction
(3), haemorrhage (3) and anoxic damage (1).
Infection was not a common cause of death:
pneumonia (2), wound infection and septi-
caemia (1), and endocarditis in a patient who
had valve replacement for endocarditis (1).
Gastrointestinal causes of death included per-
forated duodenal ulcer (1) and upper gastroin-
testinal haemorrhage (3).

Table 2 Causes ofdeath according to operation

Cardiac causes

Perilpostop Haemor-
Preoperative infarct or Unexplained Sudden rhage at Puim-

coronary cardiac unexplained site of Infec- onary Gastro-
Operation Infarct Valvar occlusion Misc failure death procedure tion embolus intestinal Cerebral Misc No PM Total

CABG 9 5 5 3 4 2 5 1 2 4 40
Valve
replacement(s)
or repair* 4 11 1 2 1 2 9 2 2 4 5 8 51
Other 14 2 2 2 1 2 2 4 3 32
Total 27 11 8 2 8 5 15 4 6 4 7 11 15 123

CABG, coronary artery bypass grafts; Misc, miscellaneous; PM, necropsy examination.
*17 patients also had CABG.
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Table 3 Number of clinical questions answered by the necropsy examination

Answered by necropsy

Question Yes No Total

Cause of sudden death 5 4 9
Cause of postoperative hypotension 10 9 19
Cause of postoperative respiratory failure 2 1 3
Cause of convulsions 1 1
Cause of pulmonary hypertension 1 1
Source of haemorrhage 5 5
Total 24 14 38

Miscellaneous causes included: adult respi-
ratory distress syndrome (2), pulmonary
hypertension (2), renal failure (1), complica-
tions of aortic dissection in patients having
aortic replacement or repair (3), and toxic epi-
dermal necrolysis (1). Also included in this
group were two patients with undetermined
cause of death: one with unexplained hypoten-
sion, and the other with unexplained respira-
tory failure.

QUESTIONS ASKED BY CLINICIANS
In 70 of the 108 patients who had a necropsy
examination the clinicians had a confident
diagnosis of the cause of death. Necropsy
showed unexpected findings in four of these
patients. There was clinical uncertainty about
the cause of death in the remaining 38 patients
(table 3). In some the questions were refining
the cause of death, for example the source of
haemorrhage. Necropsy answered these clini-
cal questions in 24 of 38 patients.

Why did the patient die suddenly?
The cause of sudden death was found in five
of nine patients (graft thrombosis (2), graft
dehiscence, pulmonary embolism, and left
ventricular rupture). The remaining four
patients had unwimessed sudden deaths, thus

Table 4 Iremortem cause ofdeath changed by necropsy examination

No Procedure Mode of death and pathologicalfindings

1 CABG (R) Died day 28. Chest pain thought to be cardiac. Necropsy
showed pulmonary embolism.

2 Aortic and mitral valve Died day 17. Haemorrhage from lateral left ventricle
replacements (R) below mitral valve.

3 Aortic valve replacement (E) Died day 7. Extensive myocardial infarction due to
dissection of left main stem.

4 Redo CABG (R) Died day 5. Clinically thought to have infarction due to
graft thrombosis (seen at further reoperation). Necropsy
showed extensive contraction band necrosis thought to
be related to cardiopulmonary bypass.

5 Aortic valve replacement Died after 4 hours. Clinically thought to have
+ CABG (E) pulmonary oedema. Necropsy showed pneumonia with

abscesses.
6 Redo CABG + resection left Died day 2. Preoperative infarction not diagnosed in

ventricular aneurysm (R) life.
7 CABG + resection of left Died day 9. Saphenous vein graft thrombosis.

ventricular aneurysm (R)
8 Aortic valve replacement (R) Sudden death day 10. Clinically thought to be

pulmonary embolus, but not confirmed.
9 CABG (E) Died day 16. Myocardial infarction not diagnosed in life.

10 CABG (E) Died day 16. Clinically had bowel perforation. Necropsy
showed pulmonary embolism.

11 Aortic valve replacement Died day 22. Haemorrhage from saphenous vein
+ CABG (R) graft-coronary artery anastomosis.

12 Mitral valve replacement (R) Died day 4. Clinically had convulsions. Necropsy
showed subarachnoid haemorrhage.

13 CABG (E) Died day 10. Graft thrombosis and perioperative
infarction.

14 Repair of acquired VSD + Died day 22. Hypotension attributed to cardiac failure.
cardiac rupture, Abdominal pain not investigated. Necropsy showed
+ CABG (E) perforated duodenal ulcer.

15 CABG + resection of left Inflammation in graft wall with thrombosis, day 1.
ventricular aneurysm (R)

16 Mitral valve replacement (R) Sudden hypotension and death day 33. Haemorrhage
from duodenal ulcer.

CABG, coronary artery bypass grafts; E, emergency; R, routine; VSD, ventricular septal
defect; VT, ventricular tachycardia.

an arrhythmia could not be excluded. All had
cardiac pathology as a potential cause of an
arrhythmia: myocardial infarction in three
(recent in one and healed in two) and hyper-
trophy with fibrosis in one. In addition there
was one patient who was clinically thought to
have a pulmonary embolus, but this was not
confirmed at necropsy. His deterioration was
witnessed and was not associated with an
arrhythmia. Necropsy showed marked left
ventricular hypertrophy with fibrosis due to
aortic stenosis. Thus there were five sudden
unexplained deaths in total.

Why was there postoperative hypotension?
This was explained by necropsy in 10 of the 19
patients and was largely due to myocardial
necrosis or haemorrhage. In eight patients
there was incompletely explained cardiac fail-
ure: there were no new pathological changes to
explain the cardiac failure. The procedure was
an emergency in four, and seven had coronary
artery bypass grafting. Six patients died soon
after surgery (five on the first postoperative
day and one on the second). In some of those
dying soon after surgery there was strong clini-
cal evidence of acute infarction (one patient
showed loss of anteroapical contraction in the-
atre, and another developed new anteroseptal
Q waves on the electrocardiogram), but no
new infarcts were shown at necropsy. The
other two patients with unexplained cardiac
failure died on the 12th and 29th days after
surgery. Both had old myocardial infarction,
but no new pathological changes. The other
patient with unexplained hypotension had an
initially uncomplicated recovery from aortic
valve replacement. He was readmitted with
hypotension on day 12, and died a few hours
later. The clinical diagnosis was septic shock,
but blood cultures were negative. There was
no pulmonary oedema on the chest x ray. No
new pathology was found at necropsy.

Why was there postoperative respiratory failure?
A pathological cause was found in two patients
(adult respiratory distress syndrome), but in
the third patient a clinical diagnosis of brain-
stem stroke was not confirmed and there was
no pulmonary pathology.

CAUSE OF DEATH CHANGED BY NECROPSY
EXAMINATION
The necropsy changed the cause of death in 16
patients (15%) (table 4). Of these major dis-
crepancies, knowledge of the diagnosis before
death would have affected management and
perhaps survival in five or six patients.
Myocardial infarction (3), haemorrhage (2),
pulmonary emboli (2), and duodenal ulcers (2)
were the most common unsuspected findings.

INCOMPLETE CAUSES OF DEATH
At necropsy a complete or certain cause of
death was not possible to define in 15 patients.
Most were unexplained cardiac failure (8) or
sudden deaths (5). One had unexplained
hypotension, and one had unexplained respira-
tory failure. These patients have all been
described above.
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HISTOLOGY
Histology was important in establishing the
cause of death in 13 patients. We found histol-
ogy to be of particular value in the diagnosis
and dating of myocardial infarction: several
cases interpreted macroscopically as acute
infarction had no histological evidence of
infarction. It was also useful in diagnosing
adult respiratory distress syndrome, pneumo-
nia, and pulmonary hypertension.

EMERGENCY V ROUTINE PROCEDURES
Preoperative cardiac failure was a more com-
mon cause of death after emergency proce-
dures (relative risk 33, P << 0-001). This was
true for preoperative cardiac failure due to
both infarction (particularly in coronary artery
bypass grafts) and valvar heart disease (after
valve replacements). The following were also
more common causes of death after emer-
gency procedures: unexplained cardiac failure
(relative risk 7-6, P = 0 009), haemorrhage
(relative risk = 3-8, P = 0 02), and cerebral
causes (relative risk 10, P = 0-002).

Discussion
We studied the necropsy findings in 108 of
123 (88%) patients who died in the early post-
operative period after cardiac surgery and
found that the main causes of death were car-

diac failure (52%), haemorrhage (14%), pul-
monary emboli (5%), and cerebrovascular
disease (6%). Our overall mortality figure
(4-4%) is very similar to the national figures
for 1991 and 1993. There is difficulty in defin-
ing cardiac failure, especially in the postopera-
tive period. We used a clinicopathological
definition, and pulmonary oedema was used as
the major pathological feature, although this
may be a terminal event. In the majority of
patients there was substantial ischaemic or val-
var heart disease. In other series of early death
after coronary artery bypass grafting and valve
replacement the proportion of deaths due to
cardiac failure was higher, and the proportion
for haemorrhage was lower.lA An exact com-
parison is difficult as necropsy rates, the total
number of patients undergoing the proce-
dures, and the proportion of emergency cases
was not always mentioned in previous reports.
Not surprisingly cardiac failure was a more
common cause of death after emergency pro-
cedures. The same was also true for postopera-
tive haemorrhage and death due to cerebral
disease, but the numbers were smaller and the
effects less marked.
The procedure with the highest mortality

rate was repair of postinfarction ventricular
septal defect. Fourteen of 37 patients (38%)
died, but all procedures were performed as

emergencies in the immediate postinfarction
period. All the deaths were the result of car-
diac failure due to infarction. In 1987 Mann
and Roberts suggested that inadequate closure
of the defect, and a small residual left ventricu-
lar cavity, were two other important causes of
death,5 but we found no evidence of these
changes in our 14 cases. In the 1980s Schoen
suggested that perioperative infarction

occurred in 50% of patients dying after coro-
nary artery bypass grafts,2 but we found
infarcts in only 10% of these cases. Extensive
contraction band necrosis was seen in only two
hearts in our study, and in one patient this was
probably not related to surgery. It has been
suggested that focal myocardial necrosis may
reflect more widespread myocardial dysfunc-
tion.2 We did not find evidence to support this:
for example we did not see it in the patients
dying with unexplained cardiac failure soon
after surgery. Fatal pulmonary emboli
occurred in 0 3% of our patients, and as in
previous series were less common after valve
replacement operations than after coronary
artery bypass grafting.6 There is conflicting
evidence about whether deep venous throm-
bosis is more common in the leg from which
saphenous vein grafts have been taken.67

Comparisons of premortem and post-
mortem diagnoses have been made since the
beginning of the century. Despite modem lab-
oratory and radiological investigations, impor-
tant discrepancies continue to be found in
10-30% of cases,8-1" even in patients dying
after surgery'2 or on intensive care units."'14
One necropsy study of children with congenital
heart disease, some of whom had undergone
surgery, showed undiagnosed anomalies or
surgical flaws in 17%. ' We are not aware of
any such studies of adult cardiac surgery. In
our series we found major discrepancies
between the clinical and pathological cause of
death in 15% of patients, and in 6% these may
have affected survival or treatment. Necropsy
series of unselected patients have found pul-
monary emboli, myocardial infarction, and
infections, especially pneumonia, and unusual
infections are the conditions most often
missed in life.9 '0 Our unexpected findings are
similar with the addition of haemorrhage.
The necropsy examination was successful in

answering clinical questions in 24 of 38
patients. In all five patients where the source
of haemorrhage was uncertain, a precise site
was identified. However, the causes of sudden
death and postoperative hypotension were
identified in only half the patients. Others have
had similar difficulties with unexplained sud-
den death and cardiac failure soon after
surgery.' 2 In total we found an incomplete or
uncertain cause of death in 15 of our 108
patients. This compares with rates of between
3% and 9% in necropsies on unselected
patients,'617 patients dying in intensive care
units"3 and "natural" sudden deaths.'8 In early
reports of necropsies after cardiac surgery,
incomplete or indeterminate causes of death
were found in 21%19 and 23%20 of deaths after
coronary artery bypass grafting and 33% of
valve replacements.2' More recently "no
anatomic lesion" was found in 10% of deaths
after coronary artery bypass grafting.2

Histology is an important part of the
necropsy examination as the macroscopic
diagnosis may be incorrect or incomplete in
8-25%.16 22 We found histology to be of partic-
ular value in the diagnosis and dating of
myocardial infarction and in pulmonary
pathology, including bronchopneumonia.2' As
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yet there is no satisfactory histological method
for the detection of early myocardial infarc-
tion, ischaemia, or metabolic dysfunction.
Many unexplained deaths in this and other
series occur soon after surgery,' 2 and may be
due to these causes.
We have found that necropsy examination

in patients dying early after cardiac surgery is
valuable as it answers the majority of clinical
questions and shows unexpected findings in a
significant proportion of cases. Some deaths
remain incompletely explained despite
necropsy examination.
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