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A B S T RA C T In order to investigate the magnitude
and kinetics of the C-reactive protein (CRP) response
after differing degrees of tissue injury, we studied
changes in serum concentration of this acute phase
protein in 19 patients after mild or extensive acute
myocardial infarction. An increase in serum CRP
concentration was seen in all patients. The rate of
increase in concentration was found to be exponential,
with a mean hourly rate constant for the entire group
of patients of 0.085 (doubling time, 8.2 h). Patients
with extensive infarction attained mean serum CRP
levels about 4 times as great as did patients with
mild infarction. No difference could be shown in the
mean rate constant between these groups, the greater
CRPresponse in the former group resulting principally
from a more protracted period of rise in serum CRP
concentration. A lag period before serum CRP levels
began to rise was noted in only 4 of the 13 patients
in whom this could be assessed. 7 of 10 patients
with presumed unstable angina (coronary insufficiency)
showed no rise in CRP concentration, while a small
increase as noted in 3 patients. The data suggest
that acute tissue injury, such as myocardial infarc-
tion, rapidly leads to acceleration in synthesis of
CRP, and that the duration of this period of accelera-
tion is related to the extent of tissue injury.

INTRODUCTION

Tissue injury and inflammation result in a marked in-
crease in synthesis of a number of plasma proteins,
referred to as the acute phase response (1). C-reac-
tive protein (CRP)' is noteworthy among these proteins
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' Abbreviations used in this paper: CRP, C-reactive protein;
LDH, lactic dehydrogenase; SGOT, serum glutamic oxalo-
acetic transaminase.

for the rapidity and magnitude of the rise in its
serum concentration after many stimuli (2), including
acute myocardial infarction (3-5). A number of recent
reports have indicated that CRPmay play a significant
functional role in modulating inflammatory and im-
mune responses after tissue injury: The complement
cascade can be activated by the reaction between CRP
and a variety of substrates (6-8); and CRP sup-
presses platelet function (9), binds to T lymphocytes,
and inhibits certain lymphocyte functions (10).

Although it is known that CRPand the other acute
phase proteins are synthesized primarily by liver
(1, 11, 12), the mechanisms leading to the acute phase
response, and particularly the CRPresponse, are poorly
understood (1). In the present work, we estimated the
kinetics of rise in serumn CRP concentration after
acute myocardial infarction in order to gain insight into
these mechanisms. In addition, we compared the mag-
nitude of the CRPresponse in patients with extensive
and with mild degrees of myocardial necrosis, in order
to explore the relationship between extent of tissue
injury and the magnitude and kinetics of changes in
serUm CRP concentration, and by inference (13), of
CRP formation.

METHODS

Study subjects. Patients admitted to the cardiac care
unit of Cleveland Metropolitan General Hospital were
studied. An initial blood sample was taken when the decision
to admit the patient was made, generally in the emergency
room. Subsequent samples were taken approximately 2, 4, 8,
12, 18, 24, 36, 48, and 72 h afterwards when possible, and
at 5 and 7 days. Samples were most frequently obtained
through an indwelling central venous pressure line which
was appropriately rinsed before specimens were withdrawn;
samples were then stored at 4°C for 1-2 days until centri-
fuged. Serum was stored at -20°C. White blood counts
and serum enzyme concentrations were determined daily
during the first 5 days by the hospital's routine clinical
laboratory, using standard methods (14, 15). Normal values
were lactic dehydrogenase (LDH), less than 350 U; heat-
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stable LDH, 30-60% of total; and glutamic oxaloacetic
transaminase (SGOT), less than 40 U.

By World Health Organization criteria, 19 patients
were found to have definite acute myocardial infarction
based on typical history, unequivocal electrocardiographic
changes, and elevation in LDH and SGOTconcentrations
(16). In 10 cases which did not meet these criteria, a clinical
diagnosis of unstable angina (coronary insufficiency) was
provisionally made; although mild increases in LDH con-
centration were noted in several instances, electrocardio-
graphic changes of infarction were not found and history
was often atypical.

Patients with infarction were divided into two groups on
the basis of rough estimates of the amount of myocardial
tissue necrosis (Table I). Patients with maximum serum
LDH concentrations over 1,000 U were classified as having
extensive infarction, whereas lesser concentrations were con-
sidered to indicate mild infarction. 11 patients fell into the
former group, all with LDH concentrations greater than
1,400 units, while the 8 patients in the latter group all had
less than 900 U. Determination of heat stable-LDH revealed
a comparable difference, with no overlap between the groups.
Other criteria of severity (SGOT concentration, maximum
temperature, and maximum white blood count) similarly
differed significantly between the two groups (Table I).

TABLE I
Clinical and Laboratory Findings in Patients with

Acute Myocardial Infarction

Maximum LDH Maximum
Maximum white

Heat- Maximum tempera- blood
Patient Total stable SGOT ture count

U U U 'c celiS/mm3
Extensive

infarction
1 4,250 2,675 700 39.5 19,300
2 2,150 450 260 40.5 21,700
3 1,450 620 266 37.0 11,000
4 1,450 950 138 38.5 12,300
5 1,950 885 226 37.6 12,100
6 2,600 1,625 490 38.1 14,100
7 1,960 1,060 215 38 19,400
8 2,750 1,530 112 38.5 11,600
9 2,100 1,350 290 38 14,700

10 2,575 905 160 37.5 11,900
11 2,420 1,500 144 38.5 11,400

Mean 2,330 1,232 273 38.3 14,500
SEM ±231 ±184 ±53 ±0.3 +1,155

Mild
infarCtion

12 385 160 34 37.5 8,900
13 780 275 140 37.5 12,600
14 690 345 86 37.3 12,000
15 615 265 52 37 5,600
16 640 300 106 37.3 7,700
17 380 200 60 37.5 5,500
18 645 375 25 37.8 14,300
19 810 325 79 37.4 16,600

Mean 618 280 73 37.4 10,360
SEM ±57 ±26 ±13 ±0.08 +1,436
P value <0.001 <0.001 <0.005 <0.01 <0.05

Additional clinical criteria reflecting the hemodynamic
consequences of extensive infarction, transient hypotension,
or heart failure were noted in 9 patients in the extensive
infarction group and in 2 patients with mild infarction.

Estimation of CRPresponse. Serum CRPconcentrations
were determined in triplicate by a radial immunodiffusion
technique (17), sensitive to 1.5 ,ug/ml. The magnitude of the
CRP response was estimated from the highest serum CRP
concentration observed. Although it would have been
optimal to estimate CRPresponse from either the increase in
concentration over base-line values or by integrating the curve
of CRP concentration against time (18), neither of these
methods was possible. Base-line values, of necessity, could
not be obtained, and CRP concentration often did not re-
turn to initial values during the period of study.

RESULTS

Serum CRP kinetics. We were able to study the
kinetics of the change in serum CRP concentration
in the 10 patients with extensive infarction and in 4 of
the 5 patients with mild infarction from whomsample
collection was begun 9 h or less after onset of chest
pain (Table II). In 6 of these patients, the first
sample was obtained as early as 2.5 h or less after chest
pain. In every case, a plot of log CRP concentra-
tion against time revealed a phase of exponential
increase, followed by a slowing in rate of rise and
finally a decrease in concentration. This pattern was
observed in patients with both extensive (Fig. 1) and
mild (Fig. 2) infarction. Comparable findings were
noted in one additional patient with mild infarction
(case 17) whose first sample was obtained 18 h after
onset of pain. Observed double times during the ex-
ponential phase varied widely in both groups. The
average value for the entire population was 8.2 h; a
difference could not be shown between the two groups.
The hourly rate constant, a = ln 2/doubling time,
ranged from 0.050 to 0.177, with an average value
of 0.085.

Lag period. No lag period before rise in serum
concentration was noted in 9 of the 15 patients
whose first sample was obtained within 9 h of the onset
of pain. In 2 patients (cases 13 and 16) we could
not tell whether there was a lag or not, since CRP
concentrations were too low in the initial samples to
be accurately measured. In the remaining 4 patients
(3 with extensive and 1 with mild infarction) a definite
lag period was noted, serum CRP concentrations
not beginning their rise until 12-22 h after onset of
pain (Fig. 3). Maximal SGOTand LDH concentra-
tions were reached in these patients at approximately
the same time after onset of pain as in patients who
did not show a lag period. There was no clinical
evidence of liver disease in these patients. Doubling
time was significantly slower in these 4 patients,
averaging 10.7±3.1 h compared with 7.3+2.5 h in the
11 patients without demonstrable lag (P < 0.025).

Comparison of patients with extensive and mild
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TABLE II
CRPResponse to Acute Myocardial Inifarction

First sample
Time from pain Lag phase

Time after Serum CRP Maximum observed until peak CRP Doubling duration
Patient pain concentration CRPconcentration conicenitration tinme after pain

h uglml ugl/nI h h h
Extensive

infarction
1 1 4.5 110.5 51.5 4.6 *
2 1.5 6.7 190.4 97.0 5.5 *
3 2.5 5.2 77.2 75.5 12.0 12
4 3 6.9 206.6 75.5 6.5 12
5 3 1.8 98.6 75.5 7.3 *
6 3 8.0 84.3 51.0 9.4 *
7 3.5 6.4 166.6 74.5 10.8 *
8 5 1.8 169.3 77.0 4.5 *
9 8 4.6 140.7 74.5 8.7 *

10 9 32.0 260.4 81 13.7 22
11 60 61.3 248.2 94.5 t I

Mean 159.4 75.2 8.3
SEM +19.1 +4.3 ± 1.0

Mild
infarction

12 2 1.7 83.0 38 3.9 *
13 2 < 1.5 13.6 38 6.4
14 2 5.6 43.3 48 10.8 17
15 5.5 27 34.0 41.5 9.8 *
16 7.5 < 1.5 4.1 52.5 §
17 18 3.8 10.0 37.5 9.8 t
18 29 65.2 93.2 47
19 Uncertain 9.0 35.4

Mean 39.4 43.2 8.1
SEM ± 11.7 +2.2 ±1.3

P value <0.001 <0.001 NS

* None noted.
Could not be ascertained from available data.

§ CRPconcentration too low to be accurately meastured until 43.5 h after pain.

infarction. Features of the CRPresponse in the two
groups with infarction are compared in Table LI. It
was possible to determine the concentration and
timing of the maximal serum CRP level in all 19
patients. Average peak serum CRPconcentrations were
about 4 times as great in 11 patients with extensive
infarction as in 8 patients with mild infarction. Re-
gression curves plotting maximum CRPagainst maxi-
mumenzyme levels for individual patients showed a
correlation of CRP with maximum total LDH (P
< 0.01) and heat-stable LDH (P < 0.05), but not with
SGOT. No correlation between maximum enzyme
levels and CRPdoubling times was found.

The difference in maximal CRPlevels did not appear
to result from more rapid rates of increase in con-
centration, since the groups could not be shown to

differ significantly in meain doubling time. However,
because considerable variation in doubling times
was found in each grouip, we further coompared the
rate of rise in serum CRP concentration, using the
relationship between log serum concentration and
time as expressed by a rate formula developed to fit
the middle 80% of the linear portions of the curves.
Applying the formula dCJ/dt = C0aeat, where C, is
CRPconcentration at time t after onset of chest pain,
C0 is initial coincenitration, and a is the rate coinstanlt,
the initial rate of rise in sertum CRP conicentratioin
could be calculated for each of the 15 patienits whose
rate conistanit was ascertainable. The caleulated mean
initial rate of increase in concentration for the mild
infarction group was 0.116 ,ug/ml per h (SD = 0.04)
and for the extensive ini:fsrction group 0.270 (/ig/ml
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FIGURE 1 Semilogarithmic plot of serum CRP concentrations after chest pain in three
representative patients (Nos. 8, 5, and 7) with extensive acute myocardial infarction.

per h (SD = 0.18). This difference did not achieve
significance (0.10 > P > 0.05).

In contrast, a highly significant difference in dura-
tion of the period of rising serum CRP coincentra-
tion was noted; in mild infarctioin, concenitrations con-

tinued to increase for nearly 2 days before falling,
while in extensive inf:arction, serum CRP concentra-
tions did not reach a maximum, on the average, until
more than 3 days after pain.
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Unstable angina patients. The clinical characteris-
tics of the patients with the provisional diagnosis of
unstable angina are shown in Table III. In three
patients (Nos. 20-22), serum CRPconcentration never

attained detectable levels. In four patients (Nos.
23-26), followed for 2.5-10 days after onset of pain,
no significant increases in concentration were noted
in serial samples, serum CRPconcentrations remaining
at fairly constant levels in the range of 25, 18, 5.5, and
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FIGURE 2 Siemilogarithmic plot of serum CRP concentrations after chest pain in two repre-
sentative patients (Nos. 12 and 15) with mild acute myocardial infarction.
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FIGURE 3 Lag period precedinig increase in serum CRP concentration in two patients (Nos.
3 and 4) with severe acute mxocardial infaretion.

3.5 ,ug/ml. In three patients, a significant rise in
CRPconcentration was noted (Table IV).

DISCUSSION

Previously held beliefs that CRP is normally absent
in serum, appearing only in response to inflammatory
stimuli, are no longer tenable since the demonstrationi
that CRP can be detected inl the serumn of all normal

human subjects tested (19, 20). This finding implies
that CRPformation normally occurs at low rates and is
increased by tissue injury. The current study indicates
that mvocardial infarction results in a rapid exponential
increase in serum concentration of CRP, that this
increase usually begins within a few hours after pain,
and that its nmagnitude is related to the degree of
tissue injury.

TABLE III
Clitnical an)d Laboratory Finlditngs in Patietnts twit/i Unistable Anlgina (Coronary Iinsufficientcy)

Maximum
LDH

Heat- Maximum Maximumn Maximum white
Patienit Total stable SGOT temperatture cell count Electrocardiographic finidinigs

CT CTU UC cells/m m3

20 395 150 1.5 36.8 6,800 Nonispecific ST changes

21 425 215 31 36.8 7,100 Anteroseptal ischemia

22 500 162 34 36.9 5,700 Nonspecific ST changes

23 580 275 26 37.5 11,200 Old anteroseptal infarction

24 365 105 46 37.2 11,600 Nonspecific ST changes

25 475 210 28 36.8 12,900 Old inferior wall infarction

26 425 140 49 36.7 6,800 LVH and strain, inferolateral injury

27 650 225 44 37.5 5,900 Junctional rhxthm, subendocardial
injury , and ischemia

28 320 90 23 36.8 9,300 Paroxysmal atrial fibrillation, tran-
sient lateral subendocardial injury

29 525 221 47 37.1 9,500 LVH anid strain

Serum C-Reactive Protein after Myocardial Infarction
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TABLE IV
CRPResponse in Three Patients with Unstable Angina

First sample
Time fronm pain] Lag phase

Time after Serum CRP Maximtum observed until peak CRP Doubling durationi
Patient pain concentration CRPconcentration concentration time after pain

h ,uglml pglml h h h

27 Uncertain 4.6 12.9 * 16 1
28 21 4.1 11.6 45 13.5 27
29 17 3.0 17.0 53 7

* Could not be ascertained from available data.
* None noted.

We have noted comparable curves of increase in
serum CRPconcentration after such diverse insults as
acute dissecting aneurysm, bone fracture, and a variety
of surgical procedures. In rabbits, similar changes were
seen after i.v. administration of endotoxin (18) and i.m.
injection of typhoid vaccine or turpentine. Such find-
ings indicate that these kinetics may result from a
large variety of stimuli leading to tissue necrosis and
suggest that a common mechanism is responsible
for the CRPresponse in each case.

Since localized inflammatory processes distant from
the liver result in increased synthesis of CRP (21),
it is presumed that a circulating mediator is responsible
for increase in hepatic CRP synthesis after stimula-
tion (1). Early studies of the CRP response (22),
in which relatively insensitive capillary precipitin tests
were used, suggested that a lag period of 6-8 h
preceded appearance of CRP in serum. The present
study, using a more sensitive technique (23), demon-
strated that the rise in CRPconcentration usually be-
gins much earlier, within 1 or 2 h after chest pain,
suggesting relatively rapid formation of mediator.
Although it is possible that the onset of chest pain
may not coincide with the onset of tissue injury,
the finding in rabbits that an exponential increase in
serum CRP concentration usually began within the
first hour after endotoxin administration (18) suggests
that a similarly brief lag period occurred in the pa-
tients here reported.

In 4 of the 15 patients from whom the first sample
was obtained within 9 h of the onset of pain, a lag
period of up to 22 h was observed before serum con-
centration began to rise. This phenomenon was noted
in patients with both mild and extensive infarction,
indicating no relationship to extent of tissue injury.
However, the subsequent rate of rise in serum con-
centration was significantly slower in patients showing
lag. This finding suggests either sluggish hepatic
response or slow or subnormal mediator formation
after stimulus. Alternatively, tissue injury may not
have coincided with onset of pain.

In the current experiments, rates of rise in serum
CRP level varied widely, rate constants ranging be-
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tween 0.050 and 0.177, but could not be shown to
be significantly related to extent of necrosis. Be-
cause of the wide variations in rate constants we
observed, these findings cannot conclusively rule out
the possibility that such a relationship might exist.
However, in both this study and a study of the rabbit
CRPresponse after endotoxin administration (18), the
magnitude of the CRPresponse was clearly related to
duration of the period during which serum CRP level
continued to rise, suggesting that extensive tissue
necrosis is associated with more prolonged production
or persistence of the postulated mediator.

During acceleration, the actual rates of synithesis
are constantly changing and cannot readily be meas-
ured directly by currently available techniques (24).
Estimation of rates of synthesis and of acceleration
from change in serum concentration is imprecise, as
pointed out in another context (25), since it would fail
to take into account the effect of extravascular diffu-
sion and catabolism. However, if it is assumed that
these factors are relatively minor during the early
period of rapid increase in serum concentration (13),
then changes in serum concentration, while not meas-
uring precise rates, would reflect changes in CRPsyni-
thesis and secretion. Such considerations would sug-
gest that the effect of mediator is to cause accelera-
tion in rate of CRP synthesis.

The validity of drawing conclusions about hepatic
synthetic rate from changes in serum concentration
is supported by studies of synthesis of CRP by 15
isolated perfused livers from rabbits at intervals after
inflammatory stimulus (26). In these studies, in which
liver was no longer exposed to circulating mediator,
CRP was synthesized at a linear (nonexponential)
rate in each case, for periods of 3-8 h. Such perfusion
experiments may be envisioned as samplings of actual
synthetic rates at single points in time during the
course of in vivo acceleration in rate. Observed rates
of synthesis were exponentially related to duration
of inflammation in vivo before isolation and perfu-
sion of liver, with a mean doubling time of 7.7 h,
comparable to serum doubling times observed in both
man and rabbits (18).



Patients with acute myocardial infarction were
selected as subjects for this study because the extent
of tissue injury could be approximately assessed and
because the time of onset of chest pain could be taken
as a reasonably accurate and consistent estimate of
the occurrence of tissue injury. While determination
of serumii concentrations of LDH, its cardiac isozvmes,
and SGOTdoes niot permit precise estimation of extent
of mvocardial damage, the relationship between
elevation of these enzymes and size of infarction is
sufficiently valid for the semiquantitative needs of this
study (27). Division into two groups appears empiri-
cally sound in the patients we studied, as shown bx
other evidences of tissue injury. Certainly the clear-
cut division between the two groups in heat-stable
LDH activity, SGOT, temperature, white blood count,
and hemodynamic consequences of myocardial disease
attests to the validity of this separation.

Serum CRPwas consistently found to rise in patients
with nmvocardial infarction, while in the 10 patients pre-
sumed to have unstable angina, no rise was found in
7 patients and only a minimal rise in 3 others. It
max be that these latter patients actually sustained
rmiild mvocardial necrosis, although this diagnosis could
not be miade by the clinical criteria we employed.
In most cases, these patients presented to hospital
many hours after onset of pain, compared to the pa-
tients with definite infarction. It may be that clinical,
laboratory, and electrocardiographic studies, if begun
earlier, would have permitted the diagnosis of infarc-
tion in these patieints, as might myocardial sciintig-
raphy, perfusion scanning, or creatine kinase iso-
enzy me studies, which were not performed in these
patients. These findings suggest that serial studies of
serum CRP concentration may prove of value in de-
tecting patients with myocardial necrosis and dis-
tinguiishing them from those without infarction. Such
studies would require at least daily determinations for
2 or 3 days. Whether this information would be of
more use than the newer diagnostic procedures men-
tioned above is uncertain at this time.
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