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Released granulocytic elastase: An indicator 
of pathobiochemical alterations in septicemia 
after abdominal surgery 
Karl-Heimo Duswald, M.D., Marianne Jochum, Ph.D., Wolfgang Schramm, M.D., and 
Hans Fritz, Ph.D., Munich, West Germany 

To discover the role of lysosomal enzyme release from polymorphonuclear (PMN) 
leukocytes during septicemia, plasma levels of PMN elastase were measured with a 
newly developed enzyme-linked immunosorbent assay for detection of the PMN 
elastase-ctj-proteinase inhibitor complex (E-oijPI). Plasma samples from 41 patients 
were assayed continuously before and after major abdominal surgery. The patients 
were divided into a group without infection (group A) and two septicemia groups 
(survivors in group B and nonsurvivors in group C). The E-otjPI levels of the 11 
patients in group A without any signs of pre- or postoperative infection were in the 
normal range (a normal value of 86.5 ± 25.5 ng/ml has been reported in 153 healthy 
subjects), except for a small increase to 208.8 ± 25.6 ng/ml 12 hours after surgery. 
When septicemia was confirmed clinically in patients in groups B and C, the E-otjPI 
levels rose on average to six times the norm in group B (649.9 ± 116.3 ng/ml) and 
to more than 10 times the norm in group C (985.0 ± 154.6 ng/ml). Peak values 
>2y200 ng/ml could be measured in both groups. In patients in group B, the E-arPI 
levels returned to normal during recovery, while in those in group C they remained 
significantly elevated (560.5 ± 174.7 ng/ml) until death. Correlations were 
demonstrated between the amount of elastase released into the circulation and the 
decrease in the activities of antithrombin III, coagulation factor XIII, and 
a2-macroglobulin, as well as the increased C-reactive protein in plasma. We conclude 
that release of elastase and other lysosomal factors from PMN cells plays a major role 
in the pathobiochemical alterations during septicemia. In addition, significantly 
elevated E-a7PI levels in the postoperative course seem to be a suitable indicator for 
onset and persistance of sepsis as well as of the severity of this disorder in patients after 
major surgery. 

From the Surgical Clinic, Department of Clinical Chemistry and Biochemistry, and Medical 
Clinic, University of Munich, Munich, West Germany 

DESPITE RECENT PROGRESS in prophylaxis and therapy of 
postoperative sepsis, the high mortality rate is still a 
major problem (30% to 70% after septicemia, >70% 
after septic shock).20 2 2 The underlying pathomechan-
isms of multiple organs failure due to septicemia are 
not sufficiently understood. Lysosomal proteinases as 
well as hydrogen peroxide or oxygen radicals released 
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from stimulated or disintegrating polymorphonuclear 
(PMN) leukocytes enhance the inflammatory response 
by destruction of connective tissue structures and cell 
membrane constituents11,33 as well as plasma proteins 
either by proteolytic degradation or denaturation by 
oxidation. There may be a release of toxic pep­
tides.2'6'7'17'29'32 

In this study we used P M N elastase as a marker of 
such pathologic release reactions. The extracellularly 
liberated elastase competes with susceptible protein 
substrates including arproteinase inhibitor (ajPI) and 
«2-niacroglobulin («2M), being finally eliminated as 
inactive enzyme-inhibitor complexes (90% as a t PI 
complex and 10% as a 2 M complex) via the reticuloen­
dothelial system.25 2 7 Therefore, the PMN elastase-
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Table I . Clinical data of the three patient groups 

Patient No. Age (yr) Sex Malignancy Operation 
Source Onset of sepsis 

of sepsis (days after surgery) Outcome* 

Group A (without infection) 
1 45 M + Rectum resection 15 
2 40 M - Choledochojejunostomy 10 
3 48 M + Gastrectomy 22 
4 67 F - Colon resection 12 
5 62 F - Colon resection 19 
6 29 M + Whipple procedure 13 
7 51 M - Stomach resection 8 
8 69 F + Colon resection 11 
9 63 F + Colon resection 10 

10 31 F + Papillotomy 9 
11 24 M - Colon resection 16 
up B (sepsis with recovery) 

1 69 F - Colon resection Peritonitis 1 11 
2 20 M - Portocaval shunt Pneumonia 2 12 
3 50 M - Stomach resection Peritonitis 6 9 
4 49 F + Gastrectomy Peritonitis 8 19 
5 62 M - Liver resection IA 1 10 
(y 40 F - Papillotomy IA 1 12 
1 7Q M + Pancreas resection IA 1 22 
8 79 F - Papillotomy Pneumonia 4 8 
9 30 M - Replantation of thigh Wound abscess 3 13 

10 52 M - Pancreas resection Peritonitis 2 14 
11 45 M - Jejunum resection Peritonitis 1 4 
12 65 M + Jejunum resection IA 1 14 
13 43 M Pancreas resection IA 2 18 
14 77 F + Ileum resection IA 1 6 
up C (sepsis with death) 

1 58 M + Pancreas resection Peritonitis 7 9 
2 54 M Stomach resection Peritonitis 6 81 
3 40 F - Stomach resection Peritonitis 22 12 
4 67 M + Rectum extirpation Peritonitis 6 57 
5 79 M + Rectum extirpation Pneumonia 5 6 
6 60 M + Pancreas resection Peritonitis 3 10 
7 51 M Portocaval shunt Pneumonia 7 23 
8 50 F - Pancreas resection Peritonitis 41 8 
9 68 M + Colon resection Wound abscess 27 23 

10 46 M - Stomach resection Peritonitis 11 30 
11 69 F + Ileum resection Peritonitis 1 6 
12 68 M - Pancreas resection Peritonitis 1 32 
13 60 M + Gastrectomy Peritonitis 5 12 
14 63 M — Jejunum resection Peritonitis 1 11 
15 73 F - Stomach resection Peritonitis 1 9 
16 78 F - . Colon resection Peritonitis i 1 

: M = male; F = = female; IA = intra-abdominal abcess. 
) A, discharge (days after surgery); group B, recovery (days after onset); group C, death (days after onset). 

a, PI (E-a t PI) complex should be a suitable indicator 
for lysosomal enzyme release. The aims of our study 
were threefold: (1) to show the influence of major 
surgery on P M N elastase release; (2) to varify the 

effect of postoperative infections on E - a t P I levels; and 
(3) to investigate a possible correlation between E - a t P I 
levels, patient outcome, and the consumption of impor­
tant blood proteins. 
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M A T E R I A L AND M E T H O D S 

Patients. From March 1980 to June 1981, 41 
patients were investigated according to the study proto­
col before major abdominal surgery and during the 
postoperative course. Patients were attributed to one of 
three clearly defined groups. In group A, the 11 
patients showed no signs of infection pre- and postop­
eratively. In group B, the 14 patients had septicemia in 
the postoperative course but survived. In group C , the 
16 patients died due to septicemia after major abdomi­
nal surgery. Clinical data of the three patient groups 
are listed in Table I. The diagnosis of septicemia was 
established by: (1) clearly defined source(s) of sepsis 
with positive culture of the infectious organisms; (2) 
leukocyte counts >15,000/AI1 or <5000/M1; (3) platelet 
counts <100,000/M1 or a platelet drop >30% within 24 
hours. Positive blood culture was not presupposed but 
was registered in 30% of patients in group B and in 
50% of patients in group C. Septic shock (defined by 
cardiac index >6 L/min/m 2 and systemic vascular 
resistance <600 dynes • sec/cm5) could be demonstrat­
ed in nine patients in group C but in no patient in 
group B. 

Sampling procedure. Blood sampling and registra­
tion of all clinical parameters were performed 12 hours 
before surgery, 12 hours after surgery, and every 12 
hours thereafter until discharge (group A), recovery 
from any sign of infection (group B), or death due to 
septicemia (group C). 

Apart from all laboratory data normally monitored 
for seriously ill patients, plasma samples for detection 
of specific parameters such as E-a ,PI , antithrombin I I I 
(AT III ) , coagulation factor X I I I (F X I I I ) , a 2 M , and 
C-reactive protein (CRP) were obtained by drawing 
4.5 ml of venous blood into plastic syringes containing 
0,5 ml of sodium citrate (2.2 gm per 100 ml distilled 
water). Plasma was separated from blood cells within 
30 minutes after sample collection to prevent leakage of 
leukocyte constituents. Plasma samples were stored at 
- 7 0 ° C until assayed. Plasma levels of patients receiv­
ing banked blood with high levels of complexed elas­
tase 1 2 1 4 were corrected for the transfused amount, 
taking into account the elimination rate of the complex 
in vivo (half-life equals 1 hour). 

Bacteriologic data. Microbiologic examinations 
were performed in wound secretions, abdominal drain­
ages, tracheobronchial secretions, closed drainage 
systems of indwelling urethral catheters, and blood. 
Specimens were collected every 2 days. Additional 
indications for performing blood cultures were a sud­
den increase in the patient's temperature (>38.5° C) , a 
change in sensorium, and the onset of chills. In these 

cases, samples were taken at least three times within a 
24-hour period. Other secretions were collected by 
established techniques. Results of microbiologic cul­
tures and antimicrobial susceptibility tests were tabu­
lated by 2 days after collection. 

Hematologic data. Leukocytes were counted by an 
electronic counter (Coulter Counter, model B, Coulter 
Electronics Inc., Hialeah, Fla.) and thrombocyte 
counts were performed with the Neubauer counting 
chamber (Assistant, Sontheim, West Germany). 

Plasma factors 
Enzyme-linked immunosorbent assay for E-a^PI. 

With the technique of Neumann et al., 2 3 2 4 E-a ,PI was 
determined by a two-site sandwich enzyme-linked 
immunosorbent assay including antisera against both 
elastase and «iPI (E. Merck, Darmstadt, West 
Germany). Concentrations (in nanograms per millili­
ter) are given for the amount of complexed elastase 
only. 

AT III, F XIII, a2M, and CRP. The inhibitory 
activity of A T III against thrombin was determinated 
with use of the chromogenic peptide substrate S-2238 
(Deutsche Kabi, Munich, West Germany). The bio­
logic activity of the fibrin-stabilizing factor F X I I I was 
measured by a commercial test system (Factor X I I I -
Schnelltest; Behring Werke AG, Marburg, West 
Germany). Both assays were performed as previously 
described.16 Plasma levels of F X I I I subunits A and S 
were detected according to Laurell 1 9 with the use of 
monospecific antisera from Behring Werke A G (Clo-
timmun-Faktor X I I I - A , Clotimmun-Faktor XIII -S) . 
The inhibitory activity of a 2 M was determined with a 
commercial test system (a2-Macroglobulin Test Com­
bination; Boehringer, Mannheim, West Germany) 
according to Ganroth.9 Plasma concentrations of C R P 
and a 2 M were evaluated by a radial immunodiffusion 
technique with standardized immunodiffusion plates 
(LG Partigen C R P , M-Partigen a2-Makroglobulin; 
Behring Werke AG). 

Classification of data. To allow comparison 
between measured data, mean values are presented for 
identical clinical periods: period 1, 12 hours before 
operation; period 2, 12 hours after operation; period 3, 
postoperative course without infection (group A) or 
before onset of sepsis (groups B and C); period 4, time 
of onset of sepsis (groups B and C); period 5, course 
after onset of sepsis (groups B and C); and period 6, 
day of discharge (group A), day of recovery from 
infection (group B), or day of death due to septicemia 
(group C) . 

Statistics. Unless otherwise stated, results are given 
as the percentage of the value obtained in a standard 
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Table I I . Mean values ( ± S E M ) E-a ,PI (ng/ml) 

Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 
(12 hr before (12 hr after (postoperative (onset (course (discharge, recovery, 
operation) operation) course) of sepsis) of sepsis) or death) Group 

A 
B 
G 
Students test 

A:B 
A:C 
B:C 

90.9 ± 7.6 
99.2 ± 18.6 

353.4 ± 71.5 

NS 
p < 0.025 
p < 0.025 

208.8 
258.9 
347.3 

25.6 
25.9 
46.6 

143.8 
316.4 
229.1 

10.8 
25.0 
15.9 

NS 
p < 0.01 

NS 

p < 0.0005 
p < 0.0005 
p < 0.0125 

646.9 ± 116.3 
985.0 ± 154.6 

NS 

266.1 ± 35.4 
517.6 ± 41.6 

p < 0.0005 

96.0 ± 5.6 
93.2 ± 7.6 

560.5 ± 174.7 

NS 
p < 0.0125 
p< 0.0125 

Table I I I . Mean values ( ± S E M ) of A T I I I (% of normal activity), F X I I I (% of normal activity), and 
a 2 M (% of preoperative inhibitory activity) in patients in groups A, B, and G 

Period 1 Period 2 Period 6 
(12 hr before (12 hr after Period 3 Period 4 Period 5 (discharge, recovery, 
operation ) operation ) (postoperative course) (onset of sepsis) (course of sepsis) or death) 

Group A 
A T I I I 97.1 ± 7.6 83.8 ± 5.4 83.8 ± 1.9 103.8 ± 6.7 
F X I I I 71.9 ± 3.1 43.7 ± 6.2 44.4 ± 1.2 65.6 ± 10.7 

100 87.5 ± 3.6 87.7 ± 1.8 97.3 ± 4.2 
Group B 

A T I I I 84.3 ± 10.2 64.9 ± 9.2 53.6 ± 9.4 50.4 ± 4.4 62.4 ± 2.1 93.0 ± 8.3 
F X I I I 68.0 ± 6.5 53.2 ± 5.9 45.0 ± 3.8 37.5 ± 8.8 40.6 ± 3.1 88.6 ± 8.1 
a2M 100 63.5 ± 6.2 61.2 ± 6.6 50.0 ± 4.9 57.8 ± 1.5 75.4 ± 5.5 

Group G 
A T I I I 81.1 ± 14.3 77.6 ± 7.6 56.7 ± 3.8 50.4 ± 5.1 52.1 ± 2.5 45.8 ± 6.2 
F X I I I 70.0 ± 13.3 62.5 ± 7.2 49.7 ± 2.0 46.8 ± 5.9 29.9 ± 4.3 28.1 ± 10.6 
a2M. 100 77.3 ± 2.6 72.6 ± 1.3 62.2 ± 4.5 69.8 ± 1.5 72.2 ± 6.2 

plasma pool (mean ± SEM). Statistical evaluation 
was performed by the Student t test; p values < 0.05 
were considered significant. 

R E S U L T S 

Septic parameters 
Primary source of septicemia and bacteriologic 

results. Clinical data are summarized in Table I. 
Peritonitis was the primary source of septicemia in 
patients in groups B and C , followed by pneumonia 
and wound abscess. Bacteriologic data from a septical 
focus showed mainly mixed cultures. In patients in 
group C, gram-negative bacteria and fungal infections 
predominated (15 patients in group C and eight in 
group B). More than 104 colony forming units of 
Candida albicans were found in three patients in group 
B and in 12 in group C. Gram-positive cocci were 
equally distributed (10 and 11 patients in groups B and 
C, respectively). Anaerobic bacteria were detected in 
five patients in group B and only one patient in group 
C. Blood cultures were found to be positive during 

onset of sepsis in patients 1,5, and 8 in group B and in 
patients 1, 3, 5, 6, 10, 11, 15, and 16 in group C. 

Temperature, leukocyte count, and thrombocyte 
count. Patients in group A showed a slight rise in 
temperature (<38° C) after surgery but no significant 
changes in leukocyte or thrombocyte counts compared 
with normal values. During infection in patients in 
groups B and C we recorded temperatures >38° C , 
leukocyte counts >12,000//d or <5000//d, and platelet 
counts <125,000//Ltl. Four patients in group B (Nos. 1, 
3,9, and 12) and four in group C (nos. 1, 8,13, and 15) 
showed leukopenia <5000 cells//il during the onset of 
sepsis. In 10 of 14 patients in group B and in 11 of 16 
patients in group C an absolute level <100,000 throm-
bocytes/jLtl could be measured during onset of sepsis. In 
the other patients in both groups the thrombocyte count 
was diminished >30% compared with the level 24 
hours earlier. 

Plasma factors 
E-ajPI. The mean ( ± S E M ) values in each group 

for the different periods are listed in Table I I . In 
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Fig. 1. Typical individual graphs of E-a ,PI during the 
postoperative course of patients in groups A (without infec­
tion; patient no. 3), B (sepsis with recovery; patient no. 7), 
and C (sepsis with death; patient no. 12). 

patients without any sign of preoperative infection 
(groups A and B), the operative trauma was followed 
by an increase of E-a ,PI levels up to threefold the norm 
(86.5 ± 2 5 . 5 ng/ml). Group C showed significantly 
elevated E - a t P I levels before operation compared with 
the norm; a slight but not significant decrease could be 
observed 12 hours after operation. This is because six 
of 16 patients of these group were operated on because 
of peritonitis. They had higher leukocyte counts 
(11,600 ± 2600 cells//d, i.e., significantly more than 
in groups A and B) but showed no other sign of 
septicemia. 

In the later postoperative phase there was clear 
normalization in group A, whereas the E-a ,PI levels in 
groups B and C showed a moderate but not significant 
elevation compared with the levels 12 hours after 
operation. At the onset of septicemia, however, a highly 
significant increase in the E-ctjPI levels could be 
detected, up to sixfold in group B and up to tenfold in 
group C . Peak levels were >2200 ng/ml in both 
groups. The E-cr,PI levels of patients with sepsis who 

recovered showed a clear tendency toward normaliza­
tion. When septicemia persisted, however, levels of 
E-c^PI were high until death. 

Fig. 1 demonstrates typical individual graphs of the 
E-c^PI concentration for one patient in each group. 
While group A showed a moderate elevation of E-ajPI 
levels in the early phase after surgery only, in group B 
higher peak levels as well as a prolonged period of 
elevated E-a^PI levels was observed. Group G showed 
very high levels several times and no tendency towards 
normalization. At the time of death the levels were still 
high. 

AT III, F XIII, and a2M. Concomitant with the 
increase in E-a ,PI there was a significant decrease of 
A T I I I , F X I I I , and a2M (Table I I I ) . These proteins 
or inhibitors are known to be easily susceptible to 
proteolytic degradation or cleavage (a2M) by elastase 
or other lysosomal proteinases. The diminished activi­
ties at onset of septicemia were normalized in all 
patients overcoming the infection, whereas a further 
significant decrease was found in group C (lethal 
outcome). 

Values for a2M are given as the percentage of 
preoperative levels, because they were already low 
before surgery. Thereby, remarkable differences were 
found between the patients with and without sepsis. 
While the highest loss of inhibitory activity was only 
13% in group A, it reached 50% in group B and 40% in 
group C. At the time of the last measurement, group A 
showed normal values, whereas those in groups B and 
C were still significantly decreased. Remarkably, both 
the inhibitory activity of a2M and the immunologically 
measured concentration were likewise diminished. 
Forty-three pairs of values of both measurements were 
selected for linear regression analysis. The correlation 
coefficient (r = 0.9155) confirmed that there was no 
difference between concentration and inhibitory activi­
ty of a2M within the three groups after major sur­
gery. 

CRP. Preoperative values were found to be close to 
normal (0.05 to 1.0 mg/100 ml 1 8) in groups A and B 
but were elevated in group C (group A, 1.8 ± 0.9 
mg/100 ml; group B, 2.8 ± 1.7 mg/100 ml; group C , 
4.5 ± 2.1 mg/100 ml). During the postoperative 
course, C R P plasma levels could be differentiated 
between patients without infection (group A, 6.1 ± 0.7 
mg/100 ml) and those showing signs of beginning 
septicemia (group B, 14.9 ± 1 . 6 mg/100 ml; group C , 
15.1 ± 1.5 mg/100 ml). During sepsis onset, both 
groups reached equally high C R P levels (group B, 
15.1 ± 1.4 mg/100 ml; group C , 15.1 ± 2.6 mg/100 
ml). During sepsis there was a decrease in C R P in both 
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groups, but this did not reflect patient outcome (group 
B, 9.7 ± 0.7 mg/100 ml; group C, 9.9 ± 0.7 mg/100 
ml). Only at the time of the last measurement were 
values in groups A and B again normal, but those of 
group G were further elevated (group A, 2.4 ± 0.6 
mg/100 ml; group B, 2.5 ± 0.6 mg/100 ml; group C, 
8.8 ± 1.4 mg/100 ml). 

DISCUSSION 

Detailed analyses of various components of the 
clotting, fibrinolysis, complement, and kallikrein-kinin 
systems performed in clinical as well as experimental 
studies indicate continuous activation of these cascade 
systems during septicemia, septic shock, or endotoxi-
nemia. 1" 5 , 8 , 1 5 , 1 6 Leukocytes, especially the P M N cells, 
are supposed to play a central role in such pathobio­
chemical events.6,17 3 2 Recently, Aasen et al. 2 observed 
in an experimental study (lethal endotoxin shock in 
dogs) a relationship between the initial drop in leuko­
cyte levels (probably combined with degranulation of 
these cells) and the appearance of E-a ,PI in plasma. 
They attributed the disturbances or activation of the 
cascade systems mainly to the action of liberated 
leukocytic proteinases. 

So far, only Egbring et al. 5 have tried to measure 
E - a t P I levels in patients with sepsis by rocket Immu­
noelectrophoresis.19 However, levels of complexed elas­
tase as low as 0.1 ßg/m\ plasma cannot be quantitated 
by this method. Moreover, from this study no statement 
is available concerning the course of E-o^PI levels 
during septicemia. With the newly developed enzyme-
linked immunosorbent assay, the detection limit of 
E - a t P I is 0.2 ng per assay, i.e., 20 ng per milliliter of 
plasma. Therefore, E-a^PI levels in plasma samples of 
healthy individuals (mean value 86.5 ± 25.5 ng/ml) 
could be accurately measured.23 The presence of the 
complex in normal plasma confirms the assumption of 
a continuous release of low doses of lysosomal P M N 
proteases into the circulation. 

Our data are comparable with those of Ohlsson and 
Olsson,26 who found 135 ng of granulocytic elastase per 
milliliter of freshly drawn normal human serum apply­
ing a specific radioimmunoassay. With a radioimmu­
noassay developed by Plow and Plescia,28 elastase-
related antigen was assessed to be 24 ng/ml in five 
normal plasma samples. The corresponding serum 
specimens showed a mean value of 326 ng/ml. Because 
we observed similar irregular rises in the E-ajPI level 
during serum formation, plasma samples should be 
used exclusively in clinical studies. 

To our knowledge, our study represents the first and 
most extensive documentation of granulocytic elastase 
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release during septicemia after major surgery. In 
patients without preoperative infections, surgical trau­
ma was followed by a moderate liberation of elastase, 
most likely as a result of enhanced phagocytotic activity 
of leukocytes. The a priori elevated E-c^PI level in 
patients who already have preoperative infections 
showed no further increases after surgery. Thus the 
release of elastase induced by surgical trauma might 
have been compensated for by a reduced leukocyte 
response due to elimination of the infectious focus. 

In the postoperative phase, the mean E-a ,PI concen­
trations correlated well with the severity of infection. 
Highly elevated E-atPI levels at sepsis onset were 
normalized in those patients recovering from septice­
mia, whereas in the fatal cases a continuous increase of 
the complex levels was measured. Possibly, the high 
endotoxin levels (determined by a modified Limulus 
test)* in the plasma specimens of some of the latter 
patients were responsible for this enhanced elastase 
liberation. 

Parallel to the increase in E - a t P I levels there was a 
decrease in levels of F X I I I subunit S (carrier protein) 
in groups B and C , although the absolute degree of 
carrier protein consumption did not correspond in each 
case to the amount of E - a t P I . On the other hand, 
patients without infection (group A) and normal or 
only slightly elevated E - ^ P I levels had F X I I I subunit 
S concentrations in the normal range but often clearly 
reduced fibrin-stabilizing activity (due to F X I I I 
subunit A). As demonstrated by Egbring et al. 5 and 
Ikematsu et al., 1 0 reduction of both subunits of F X I I I 
cannot be due to activation of the clotting cascade alone. 
During clotting, i.e., by the activation of thrombin, 
subunit A is consumed simultaneous with the F X I I I 
activity, but subunit S is not. These data and our 
results suggest that in patients suffering from septice­
mia, unspecific proteolytic degradation by granulocytic 
elastase or other lysosomal proteinases is involved to a 
significant degree in the depletion of F X I I I . 

Moreover, the very low A T I I I activity in patients 
with permanently elevated E-c^PI levels may also be 
due, at least in part, to degradation by elastase. This 
conclusion is based on recent in vitro studies showing 
that purified A T I I I is rapidly inactivated by isolated 
granulocytic elastase.13 

a 2 M , probably the most important proteinase inhib­
itor of the organism, is responsible for the inhibition 
and elimination of nearly all types of neutral and acid 
proteinases liberated from various body cells under 
physiologic and pathologic conditions. The half-life of 

*Stemberger A: Personal communication. 
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a2M-proteinase complexes in the circulation is believed 
to be 10 to 12 minutes.25 In our study no difference 
between activity and concentration of a 2 M could be 
observed. From this fact we conclude that the clearance 
function of the reticuloendothelial system was not 
impaired in our patients, although high amounts of 
lysosomal proteinases were liberated. 

In contrast to the consumption of diverse plasma 
proteins, a marked rise of the acute-phase reactants 
occurs during infection. The acute-phase reaction, in 
which proteins of different function and origin partici­
pate, is thought to represent a systemic host response to 
injury.34 Of all known factors, C R P reacts most rapidly 
and significantly. Because of its various biologic func­
tions (e.g., recognition of microorganisms; activation of 
the classic complement pathway: reaction with lym­
phoid cells, phagocytic cells, and platelets18, C R P seems 
to play a central role in unspecific host defense. 
Therefore, comparision of the acute-phase response of 
C R P with the degree of liberated granulocytic elastase 
was of special interest to us. Preoperative and postop­
erative values of C R P and E-a^I in the control and 
septicemia groups designed both factors as similarly 
sensible to the inflammatory stimulus. However, in 
contrast to the E-a^PI complex, a clear discrimination 
of the severity of septicemia was not indicated by the 
C R P level in both infected groups, either at onset of 
sepsis or during septicemia. Only the last determina­
tion was in agreement with clinical conditions. Obvi­
ously, the E-«jPI level does reflect more specifically 
severe infections such as septicemia or septic shock. 
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Elastasa granulocitica liberada despues de cirugia abdominal 

Con el objeto de determinar el papel de la liberacibn de enzimas de lisosoma liberadas 
por los leucocitos polimorfonucleares (PMN) durante la septicemia, se midieron los 
niveles plasmaticos de PMN elastasa utilizando un metodo introducido recientemente 
de ensayo inmunosorbente con union enzimätica para la deteccibn del complejo 
inhibitor de la PMN elastasa-arproteinasa (E-a7PI). En forma continua se 
examinaron muestras del plasma de 41 pacientes tomadas antes y despues de cirugia 
abdominal mayor. Los pacientes fueron divididos en tres grupos: un grupo A no 
infectado, y dos grupos con septicemia: el grupo B de sobrevivientes y el grupo C de 
no-sobrevivientes. Los niveles de E-a7 PI de los 11 pacientes sin datos de infeccibn se 
encontraron dentro de limites normales (valores normales: 86.5 ± 25.5 ng/ml 
determinados en 153 voluntarios sanos) con exception de un pequeho aumento a 
208.8 ± 25.6 ng/ml a las doce horas del postoperatorio. Cuando se confirmb la 
presencia de septicemia en los pacientes de los grupos B y C, los niveles de E-ctj PI se 
elevaron un promedio de 6 veces sobre los valores normales en los pacientes B 
(649.9 ± 116.3 ng/ml) y 10 veces en los pacientes del grupo C (985.1 ± 154.6 
ng/ml). En ambos grupos se llegaron a medir valores maximos de 2200 ng/ml. En los 
pacientes del grupo B los valores de E-a7 PI regresaron a lo normal durante del 
periodo de recuperation, en tanto que en los pacientes del grupo C, permanecieron 
elevados hasta el momento de la muerte (560.5 ± 174.7 ng/ml). Se demostro 
correlation entre la cantidad de elastasa liberada en la circulation y la disminucibn de 
la actividad de antitrombina III (AT III), factor de coagulation XIII (F XIII), y 
macroglobulina-a2 (ot2 M), asi como con el aumento de proteina C reactiva del plasma 
(CRP). Concluimos de este estudio que la liberation de elastasa y otros factores del 
lisosoma de las celulas PMN, juegan un papel muy importante en las alteraciones 
pato-bioquimicas que ocurren durante la septicemia. Ademas, consideramos que la 
presencia de niveles elevados de E-otj PI en el postoperatorio parece ser un indicador 
de la aparicibn y persistencia de infeccibn, asi como de la severidad del problema. 
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Continuous epidural infusion for analgesia after major abdominal 
operations: Randomized, prospective, double-blind study (Cul-
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Chylous ascites after abdominal aortic surgery (Savrin and High), 
866 

Further studies of putative cross-linking amino acid (3-deoxypyr-
idinoline) in skin from patients with abdominal aortic aneu-
rysims (Tilson), 888 

Microporous, compliant, biodegradable vascular grafts for regen­
eration of arterial wall in rat abdominal aorta (van der Lei et 
al), 955 

Released granulocytic elastase: Indicator of pathobiochemical 
alterations in septicemia after abdominal surgery (Duswald et 
al), 892 

Study of techniques of cardiac massage with abdomen open 
(Rieder et al), 824 

Treatment of intra-abdominal infections is appropriate with 
single-agent or combination antibiotic therapy (Malangoni, 
Condon, Spiegel), 648 

Use of computerized axial tomography versus peritoneal lavage in 
evaluation of blunt abdominal trauma: Prospective study (Davis 
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Can gastrointestinal hormones enhance intestinal absorption? 

(Schwartz and Storozuk), 430 
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Vitamin A and retinoic acid: Induced fibroblast differentiation in 
vitro (Demetriou et al), 931 
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Pathophysiology of hyperchloremic metabolic acidosis after ur i ­

nary diversion through intestinal segments (Koch and McDou-
gal), 561 

Acyclovir 
Herpes simplex burn wound infections: Epidemiology of case 

cluster and responses to acyclovin therapy (Brandt et al), 338 
Adenosine 

Role of adenosine in regulation of coronary blood flow in newborn 
lambs (Mainwaring et al), 540 

Adrenal 
Autotransplantation of adrenal cortical tissue: Rodent model (Saxe 

and Connors), 995 
Bilateral subtotal adrenal resection for bilateral pheochromocyto-

mas in multiple endocrine neoplasia, type Ha: Case report (van 
Heerden et al), 363 

Adrenalectomy 
Current status of adrenalectomy for Cushing's disease (Brunicardi 

et al), 1127 
Allograft 

Experimental pancreas allograft rejection: Correlation between 
histologic and functional rejection and efficacy of antirejection 
therapy (Schulak and Drevyanko), 330 

Failure of canine islet allografts and autografts with cyclosporine 
(Merrell et al), 324 

Host-graft relationship: Systemic nature of allograft rejection 
(Kupiec-Weglinski et al), 259 

Portal versus systemic venous drainage for small-bowel allografts 
(Schraut, Abraham, Lee), 579 

Value of needle renal allograft biopsy. I I I . Prospective study 
(Matas et al), 922 

Allotransplantation 
Parathyroid allotransplantation in treatment of complicated idio­

pathic primary hyperparathyroidism (Duarte et al), 1072 
Amino acid 

Alterations in amino acid clearance during ischemia predict 
hepatocellular A T P changes (Fath et al), 396 
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Continuous epidural infusion for analgesia after major abdominal 
operations: Randomized prospective, double-blind study (Cul-
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Incidence of wound infection after stapled or sutured bowel 

anastomosis and stapled or sutured skin closure in humans and 
guinea pigs (Panton et al), 20 
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Abdominal aortic aneurysms infected by Escherichia coli (McNa-

mara, Finnegan, Bakshi), 87 
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Aneurysm of persistent sciatic artery: Report of a case treated by 
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idinoline) in skin from patients with abdominal aortic aneu­
rysms (Tilson), 888 

Hepatic artery aneurysm associated with mucocutaneous lymph 
node syndrome (Marks et al), 598 

Surgical treatment of mycotic popliteal artery aneurysm: Case 
report and review of literature (Bonds and Fabian), 979 
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Angiographic demonstration of mesenteric arterial changes in 

postcoarctectomy syndrome (Kawauchi et al), 602 
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Septic endarteritis after percutaneous transluminal angioplasty 
(Krupski, Pogany, Effeney), 359 
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Inhibition of human neuroblastoma by dopamine antagonists 

(McGrath and Neifield), 135 
Antibiotic 

Treatment of intra-abdominal infections is appropriate with 
single-agent or combination antibiotic therapy (Malangoni, 

.Condon, Spiegel), 648 
Antibody 

Efficacy of type-specific and cross-reactive murine monoclonal 
antibodies directed against endotoxin during experimental sep­
sis (Dunn, Bogard, Cerra), 283 

Monoclonal antibodies in human renal cell carcinoma and their 
use in radioimmune localization and therapy of tumor xeno­
grafts (Lange et al), 143 

Antigen 
Defective antigen presentation to a cloned T helper cell by 

macrophages from burned mice can be restored with interleu-
kin-1 (Kupper et al), 199 
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Chylous ascites after abdominal aortic surgery (Savrin and High), 

866 
Microporous, compliant, biodegradable vascular grafts for regen­

eration of arterial wall in rat abdominal aorta (van der Lei et 
al), 955 

New approach to wounds of aortic bifurcation and inferior vena 
cava (Salam and Stewart), 105 

Arginine hydrochloride 
Inhibition of bile flow by intravenous arginine hydrochloride 

(Rotolo and Meyers), 459 
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Angiographic demonstration of mesenteric arterial changes in 

postcoarctectomy syndrome (Kawauchi et al), 602 
Carotid artery thrombosis associated with lupus anticoagulant 

(Baker et al), 612 
Hepatic artery aneurysm associated with mucocutaneous lymph 
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Surgical treatment of mycotic popliteal artery aneurysm: Case 
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Chylous ascites after abdominal aortic surgery (Savrin and High), 
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Alterations in amino acid clearance during ischemia predict 

hepatocellular A T P changes (Fath et al), 396 
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Failure of canine islet allografts and autografts with cyclosporine 

(Merrell et al), 324 
Autotransplantation 

Autotransplantation of adrenal cortical tissue: Rodent model (Saxe 
and Connors), 995 
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Bacterial adherence to endothelial-seeded polytetrafluoroethylene 
grafts (Rosenman et al), 816 

Bacterial colonization of percutaneous sutures (Gristina et al), 
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Inhibition of povidone-iodine's bactericidal activity by common 
organic substances: An experimental study (Zamora et al), 25 

Betablocker 
Betablockers compared with antithyroid drugs as preoperative 

treatment in hyperthyroidism: Drug tolerance, complications, 
and postoperative thyroid function (Lennquist et al), 1141 

^-Endorphin 
Pulmonary platelet trapping induced by ß-endorphin injection in 

cerebrospinal fluid in dogs (Almqvist et al), 344 
Bile 

Effects of serotonin on canine bile formation (Kortz et al), 907 
Inhibition of bile flow by intravenous arginine hydrochloride 

(Rotolo and Meyers), 459 
Bile duct 

Carcinoma of extrahepatic bile ducts: Results of an aggressive 
surgical approach (Langer et al), 752 

Cylindrical dilatation of choledochus: Special type of congenital 
bile duct dilatation (Todani et al), 964 

Management of retained and recurrent bile duct stones (Brough-
an, Sivak, Hermann), 746 

Two approaches for electrohydraulic lithotripsy in common bile 
duct (Tanaka et al), 313 
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Management implications from routine needle biopsy of hyper­

functioning thyroid nodules (Walfish, Strawbridge, Rosen), 
1179 

Value of needle renal allograft biopsy. I I I . Prospective study 
(Matas et al), 922 

Blood 
Influence of ultraviolet irradiation on blood transfusion effect 

(Balshi, Francfort, Perloff), 243 
Blood flow 

Comparison of gastric mucosal blood flow as measured by H 2 gas 
clearance and microspheres during secretory stimulation and 
inhibition (Soybel et al), 174 

Role of adenosine in regulation of coronary blood flow in newborn 
lambs (Mainwaring et al), 540 

Bowel 
Efficacy of polyethylene glycol-electrolyte lavage solution versus 

traditional mechanical bowel preparation for elective colonic 
surgery: Randomized, prospective, blinded clinical trial (Fleites 
et al), 708 

Bowel, contd. 
Incidence of wound infection after stapled or sutured bowel 

anastomosis and stapled or sutured skin closure in humans and 
guinea pigs (Panton et al), 20 

Portal versus systemic venous drainage for small-bowel allografts 
(Schraut, Abraham, Lee), 579 

Prospective, randomized, double-blind study of 10% mannitol 
mechanical bowel preparation combined with oral neomycin 
and short-term, perioperative, intravenous Flagyl as prophylax­
is in elective colorectal resections (Jagelman et al), 861 

Brain 
Opposing central and peripheral actions of brain-gut peptides: 

Basis for regulation of gastric function (Pappas, Tache, Debas), 
183 

Breast 
Effect of operative devascularization on estrogen and progesterone 

receptor levels in breast cancer specimens (Teicher et al), 784 
Primary inflammatory carcinoma of the female breast: Staging 

and treatment possibilities (McBride and Hortobagyi), 792 
Breast cancer 

Breast cancer in a patient with prolactinoma (Theodorakis, 
Tedesco, Sutherland), 367 

Budd-Chiar i syndrome 
Budd-Chiari syndrome with obstruction of the inferior caval vein: 

Successful treatment by cavosplenoatrial shunt (Segadal et al), 
63 

Portacaval shunt in treatment of primary Budd-Chiari syndrome 
(Pezzouli et al), 319 

B u r n 
Herpes simplex burn wound infections: Epidemiology of case 

cluster and responses to acyclovir therapy (Brandt et al), 338 
Serious wound infections in burned patients (Kagan et al), 640 

Bypass 
Aneurysm of persistent sciatic artery: Report of a case treated by 

endovascular occlusion and femoropopliteal bypass (Becquemin 
et al), 605 

Evidence for complement activation by protamine-heparin interac­
tion after cardiopulmonary bypass (Cavarocchi et al), 525 

Functional endothelial damage by high-potassium cardioplegic 
solutions to saphenous vein bypass grafts (De Caterina et al), 
465 

Gastritis after gastric bypass surgery (McCarthy et al), 68 
Low flow velocity predicts failure of femoropopliteal and femoro-

tibial bypass grafts (Bandyk, Cato, Towne), 799 
Quantification of pulsatile flow during cardiopulmonary bypass to 

permit direct comparison of effectiveness of various types of 
"pulsatile" and "nonpulsatile" flow (Grossi et al), 547 
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Calcium 

Relation of serum calcium and immunoparathormone levels to 
parathyroid size and weight in primary hyperparathyroidism 
(Rutledge et al), 1107 

Serum calcium metabolism in acute experimental pancreatitis 
(Izquierdo et al), 1031 

Cancer 
Breast cancer in a patient with prolactinoma (Theodorakis, 

Tedesco, Sutherland), 367 
Carcinoid tumors of gastrointestinal tract: Presentation, manage­

ment, and prognosis (Thompson et al), 1054 
Carcinoma of extrahepatic bile ducts: Results of aggressive surgi­

cal approach (Langer et al), 752 
Effect of operative devascularization on estrogen and progesterone 

receptor levels in breast cancer specimens (Teicher et al), 784 
Further evidence of validity of risk group definition in differenti­

ated thyroid carcinoma (Cady et al), 1171 
Immunotherapy of cancer with lymphokine-activated killer cells 

and recombinant interleukin-2 (Rosenberg and Mule), 437 
Incidence of cancer in surgically treated thyroid nodules based on 

method of selection (Lo Gerfo et al), 1197 
Incidence of thyroid carcinoma in patients with Hashimoto's 

thyroiditis and solitary cold nodules (Ott et al), 1202 
Localization of residual medullary thyroid cancer by thall ium/ 

technetium scintigraphy (Talpos et al), 1189 
Management of nonfamilial adenomatous polyps and colon can­

cers (Dowling et al), 684 
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Cancer, contd. 
Monoclonal antibodies in human renal cell carcinoma and their 

use in radioimmune localization and therapy of tumor xeno­
grafts (Lange et al), 143 

Parathyroid carcinoma: Lahey Clinic experience (Cohn et al), 
1095 

Primary inflammatory carcinoma of the female breast: Staging 
and treatment possibilities (McBride and Hortobagyi), 792 

Prospective, randomized trial of intravenous versus intraperitoneal 
5-fluorouracil in patients with advanced primary colon or rectal 
cancer (Sugarbaker et al), 414 

Surgical resection of segment V I I I (anterosuperior subsegment of 
right lobe) in patients with liver cirrhosis and hepatocellular 
carcinoma (Franco et al), 949 

Thyroid carcinoma in Graves' disease (Farbota et al), 1148 
Transsternal operations in thyroid cancer (Niederle, Roka, 

Fritsch), 1154 
Cardiopulmonary bypass 

Evidence for complement activation by protamine-heparin interac­
tion after cardiopulmonary bypass (Cavarocchi et al), 525 

Quantification of pulsatile flow during cardiopulmonary bypass to 
permit direct comparison of effectiveness of various types of 
"pulsatile" and "nonpulsatile" flow (Grossi et al), 547 

Carotid endarterectomy 
Carotid endarterectomy in a metropolitan community: Compari­

son of results from three institutions (Krupski et al), 492 
Catecholamine 

Spectrum of catecholamine-secreting tumors of organ of Zucker-
kandl (Altergott et al), 1121 

Celiac axis compression syndrome 
Celiac axis compression syndrome: Factors predicting favorable 

outcome (Williams, Gillespie, Little), 879 
Cell 

Defective antigen presentation to a cloned T helper cell by 
macrophages from burned mice can be restored with interleu-
kin-1 (Kupper et al), 199 

Effect of 16,16-dimethyl prostaglandin E 2 on gastric epithelial cell 
membrane potentials and resistances (Ashley, Soybel, Cheung), 
166 

Effects of cholecystokinin on parietal cell secretion in isolated 
gastric glands (Zdon et al), 1038 

Hepatocyte function in sepsis: Kupffer cells mediate a biphasic 
protein synthesis response in hepatocytes after exposure to 
endotoxin or killed Escherichia coli (West et al), 388 

Hür th le cell tumor behavior: Dilemma and resolution (Rosen, 
Luk, Katz), 777 

Hyperplastic G cell responsiveness in vitro (Gower, McSweeney, 
Fabri), 1045 

Immunotherapy of cancer wi th lymphokine-activated killer cells 
and recombinant interleukin-2 (Rosenberg and Mule) , 437 

Morphologic and functional studies of rat hypercalcemia-associ-
ated testicular tumor maintained in cell culture (Saxe et al), 
1013 

Cephalosporin 
Which cephalosporin for wound prophylaxis? An experimental 

comparison of three drugs (Scher and Jones), 30 
Cerebrospinal fluid 

Pulmonary platelet trapping induced by ^-endorphin injection in 
cerebrospinal fluid in dogs (Almqvist et al), 344 

Chemotherapy 
Isolated total lung perfusion as a means to deliver organ-specific 

chemotherapy: Long-term studies in animals (Johnston et al), 
35 

Children 
Effectiveness of Nissen fundoplication in neurologically impaired 

children with gastroesophageal reflux (Vane et al), 662 
Esophageal endosclerosis i n children (Stellen and L i l l y ) , 970 
Improved results of multiple renal transplantation in children (So 

e ta l ) ,729 
Prognostic features of pediatric soft-tissue sarcomas (Neifeld et al), 

93 
Cholangiography 

Prediction of operative cholangiography in patients undergoing 
elective cholecystectomy wi th routine liver function chemistries 
(Del Santo et al), 7 

Cholecystectomy 
Prediction of operative cholangiography in patients undergoing 

elective cholecystectomy with routine liver function chemistries 
(Del Santo et al), 7 

Subtotal cholecystectomy: For the difficult gallbladder in portal 
hypertension and cholecystitis (Bornman and Terblanche), 1 

Cholecystitis 
Role of prostaglandins in feline experimental cholecystitis (Kam-

inski et al), 760 
Subtotal cholecystectomy: For the difficult gallbladder in portal 

hypertension and cholecystitis (Bornman and Terblanche), 1 
Cholecystokinin 

Effect of aging on gallbladder contraction and release of cholecys-
tokinin-33 in humans (Khalil et al), 423 

Effects of cholecystokinin on parietal cell secretion in isolated 
gastric glands (Zdon et al), 1038 

Gallbladder filling and response to cholecystokinin are not affected 
by vagotomy (Pellegrini et al), 452 

Choledochus 
Cylindrical dilatation of choledochus: Special type of congenital 

bile duct dilatation (Todani et al), 964 
Cholesterol 

Increases in gallbladder prostaglandin synthesis before the forma­
tion of cholesterol gallstones (LaMorte et al), 445 

Reduction of plasma cholesterol and LDL-cholesterol by continu­
ous intravenous insulin infusion (Chute et al), 656 

Cirrhosis 
In vivo measurements of leucine metabolism with stable isotopes in 

normal subjects and in those with cirrhosis fed conventional and 
branched-chain amino acid-enriched diets (Mi l l ikan et al), 
405 

Partial hepatectomy on cirrhotic liver with right lateral tumor 
(Lee, Chao, Lin) , 942 

Surgical resection of segment V I I I (anterosuperior subsegment of 
right lobe) in patients with liver cirrhosis and hepatocellular 
carcinoma (Franco et al), 949 

Citizenship 
Presidential address: Cost of academic citizenship (SUS) (Flint), 

131 
Colitis 

Experience with endorectal pull-through and S pouch for ulcer­
ative colitis and familial polyposis in adults (Bubrick, Jacobs, 
Levy), 689 

Colon 
Efficacy of polyethylene glycol-electrolyte lavage solution versus 

traditional mechanical bowel preparation for elective colonic 
surgery: Randomized, prospective, blinded clinical trial (Fleites 
et al), 708 

Management of nonfamilial adenomatous polyps and colon can­
cers (Dowling et al), 684 
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Moore), 851 

Prospective, randomized, double-blind study combined with oral 
neomycin and short-term, perioperative, intravenous Flagyl as 
prophylaxis in elective colorectal resections (Jagelman et al), 
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Prospective, randomized trial of intravenous versus intraperitoneal 
5-flourouracil in patients with advanced primary colon or rectal 
cancer (Sugarbaker et al), 414 

Cortex 
Autotransplantation of adrenal cortical tissue: Rodent model (Saxe 

and Connors), 995 
Cost 

Presidential address: Cost of academic citizenship (SUS) (Flint), 
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Culture 
Morphologic and functional studies of rat hypercalcemia-associ-

ated testicular tumor maintained in cell culture (Saxe et al), 
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Cushing's disease 
Current status of adrenalectomy for Cushing's disease (Brunicardi 

et al), 1127 
Cyclosporine 

De novo hemolytic uremic syndrome in renal transplant recipients 
immunosuppressed with cyclosporine (Van Buren et al), 54 
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Failure of canine islet allografts and autografts with cyclosporine 

(Merrell et al), 324 
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Cellular immune defects in patients with melanoma involving 
interleukin-2-activated lymphocyte cytotoxicity and serum sup­
pressor factor (Balch, Itoh, Tilden), 151 
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3-Deoxypyridinoline 

Further studies of putative cross-linking amino acid (3-deoxypyr-
idinoline) in skin from patients with abdominal aortic aneu­
rysms (Tilson), 888 

Devascularization 
Effect of operative devascularization on estrogen and progesterone 

receptor levels in breast cancer specimens (Teicher et al), 784 
Diabetes 

"Activated" T-lymphocyte levels in spontaneously diabetic BB rat 
syndrome (Francfort et al), 251 
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Cylindrical dilatation of choledochus: Special type of congenital 

bile duct dilatation (Todani et al), 963 
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Effect of 16,16-dimethyl prostaglandin E 2 on gastric epithelial cell 
membrane potentials and resistances (Ashley, Soybel, Cheung), 
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Inhibition of human neuroblastoma by dopamine antagonists 
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Portal versus systemic venous drainage for small-bowel allografts 
(Schraut, Abraham, Lee), 579 
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Betablockers compared with antithyroid drugs as preoperative 

treatment in hyperthyroidism: Drug tolerance, complications, 
and postoperative thyroid function (Lennquist et al), 1141 
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Released granulocytic elastase: Indicator of pathobiochemical 
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al), 892 
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Endarterectomy 
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son of results from three institutions (Krupski et al), 492 
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Septic endarteritis after percutaneous transluminal angioplasty 
(Krupski, Pogany, Effeney), 359 
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Esophageal endosclerosis in children (Stellen and L i l l y ) , 970 

Endothelium 
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grafts (Rosenman et al), 816 
Functional endothelial damage by high-potassium cardioplegic 
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465 
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Hepatocyte function in sepsis: Kupffer cells mediate a biphasic 
protein synthesis response in hepatocytes after exposure to 
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Esophageal atresia 
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Triplication of esophagus with gastric duplication (Milsom et al), 
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