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Prophylactic efficacy of low-dose 
dihydroergotamine and heparin in 
postoperative deep venous thrombosis 
following intra-abdominal operations 
Mult icenter  Trial  Commit tee ,  Philadelphia, Pa. 

Postoperative pulmonary embolism continues to be a problem in patient care, especially in 
high-risk patients. This study was designed to evaluate a combined pharmacologic ap- 
proach to the prophylaxis of  postoperative deep venous thrombosis (DVT) by mediating at 
least two and probably three of Virchow's predisposing factors. Patients 40 years of age 
and older undergoing operations greater than 45 minutes under general anesthesia were 
placed in one of five treatment groups and studied by a prospective randomized, double- 
blind protocol. Study drugs were the following: (1) 0.5 mg of dihydroergotamine plus 
5000 IU of sodium heparin (DHE 5000), (2) 0.5 mg DHE plus 2500 IU heparin (DHE 
2500), (3) 5000 IU of HEP (HEP 5000), (4) 0.5 mg of DHE (DHE 0.5), and (5) a 
placebo. Study medications were administered 2 hours preoperatively and continuously 
thereafter every 12 hours postoperatively subcutaneously in the anterior abdominal waU 
for 5 to 7 days or until a positive radiofibrinogen uptake test (RFUT). The RFUT was 
performed according to standardized technique and was used to establish the presence or 
absence of DVT. This report is an analysis of the major subgroup of patients undergoing 
intra-abdominal operations. Results showed a highly statistically significant prophylactic 
benefit from DHE 5000 compared with the placebo (p < 0.003) and all other treatment 
groups (p < 0.05). There was no significant benefit from DHE 2500, HEP 5000 
(p > 0.13), and DHE 0.5 (p > 0.3). All patients who entered the study had two or more 
risk factors for postoperative DVT, and high-risk patients were distributed equally 
throughout all treatment groups. DHE 5000 maintained its prophylactic benefit in 
high-risk patients. Evaluation of  operative blood loss, postoperative blood loss, hema- 
tomas (wound or injection site), hematuria, postoperative hemoglobin difference, and 
adverse reactions revealed no significant difference between the study medications and the 
placebo. I t  is proposed that DHE 5000 has a synergistic prophylactic effect by mediating 
all three limbs of Virchow's triad: hypercoagulability (heparin), stasis (DHE), and vein 
wall injury secondary to venodilatation (DHE). DHE 5000 is recommended for patients 
at high risk of developing postoperative DVT and pulmonary embolism; however, it 
should be avoided in patients with acute myocardial infarction, sepsis, and sustained 
hypotension. (J VASC SURG 1984; 1:608-16.) 

Pulmonary embolism continues to be a major 
complication in patients following intra-abdominal 
operations. Although it is difficult to precisely de- 
termine the true incidence o f  fatal pulmonary em- 
bolism, the best available data reveal an incidence o f  
0.2% to 0.5%. 1-a The morbidity o f  nonfatal pul- 
monary emboli is significant, and anticoagulation 
therapy in the immediate postoperative period fol- 
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lowed by long-term anticoagulation therapy im- 
poses added risk. It is commonly accepted that 
the major deep veins (femoral and iliac) are the pri- 
mary source o f  pulmonary emboli. Unfortunately, 
the signs and symptoms o f  deep venous thrombo- 
sis (DVT) are obscure, 4 and the diagnosis is elu- 
sive prior to the embolic event? I f  DVT can be 
minimized or eliminated, it is reasonable that the 
frequency o f  pulmonary embolism will likewise be 
reduced. 

The site o f  origin o f  DVT is an area o f  contro- 
versy, with some investigators suggesting that 
thrombi begin independently in the iliofemoral 
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segment 6 and others maintaining that the origin is 
most frequently in the calf veins. 7 I f  postoperative 
patients are to be monitored for the development o f  
DVT and if  the monitoring technique is sensitive for 
calf vein thrombosis, then it is important that calf 
vein thrombosis be a dominant marker for develop- 
ing clots in the deep venous system. Whether the 
thrombus originates in the calf veins and extends 
into the more proximal veins or the two segments 
develop thrombosis simultaneously but indepen- 
dently is less important. Available data suggest that 
there is a close association of  calf vein thrombosis 
and major proximal vein thrombosis in general sur- 
gical patients, v-9 Isolated proximal vein thrombosis 
is more common in orthopedic patients, whereas it 
is unusual in general surgical patients2 

In 1856 Virchow ~° presented the classic triad of  
the factors leading to DVT. Included are stasis, the 
hypercoagulable state, and vein wall injury. As one 
attempts to establish the pathophysiology of  DVT, 
it becomes apparent that all three elements play a 
role. A single component o f  the triad may be the 
overwhelming disorder in a particular instance, but 
for most the pathogenesis is multifactorial. 

Numerous methods of  DVT prophylaxis have 
been investigated. Mechanical methods are aimed at 
diminishing "stasis" and increasing venous return. 
Plasma expanders likewise are directed toward 
minimizing stasis; however, effects on platelet kinet- 
ics and coagulation factors have been demonstrated. 
Anticoagulants and particularly low-dose heparin 
have been studied in many clinical trials; and while 
conflicting data exist, heparin has generally been 

shown to be effective in reducing the frequency of  
postoperative DVT in general surgical patients. 11-13 

There has not been uniform acceptance by U.S. 
surgeons of  any prophylactic regimen. There are 
many reasons for the lack of  uniform acceptance. 
Included are thoughts that the incidence of  DVT in 
the United States may not be as high as demon- 
strated in other countriesa4; the potential hemor- 
rhagic complications from the administration of  
low-dose heparin; the question of  how the positive 
radiofibrinogen uptake test (KFUT) relates to the 
risk of  pulmonary embolism and postthrombotic 
symptoms; and the lack of  well-controUed studies 
performed in this country. 1~ 

I f  one were to postulate a new method for the 
prophylaxis o f  DVT, an approach directed at inhibit- 
ing at least two of  Virchow's three factors would 
seem advantageous. Low-dose dihydroergotamine 
(DHE) has been shown to exert a selective constric- 
tive effect on veins and venules (capacitance vessels) 
without affecting arteries and arterioles (resistance 
vessels). ~5,~ This effect counteracts venous stasis 
and accelerates venous return. Several European 
clinical trials demonstrated significant prophylactic 
efficacy with low-dose D H E )  v 

Because of  the available data, it was thought that 
a well-controlled study of  the relative efficacy of  
treatment regimens involving DHE and /or  heparin 
was indicated. A large prospective multicenter trial 
was performed in the United States (Table I). This 
report is an analysis o f  the major subgroup of  pa- 
tients undergoing intra-abdominal operations. The 
general surgeon is most often faced with the patient 
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Table II. Exclusion criteria 

Myocardial infarction <6 mo 
Angina at rest 
Anticoagulants 
Platelet inhibitors 
Plasma expanders (dextran type) 
Postphlebitic limb 
Varicose veins 
Severe peripheral vascular disease 
Uncontrolled hypertension 
History of bleeding disorder 
Hypersensitivity to: 

Ergot derivatives 
Heparin 
Lidocaine 
Iodine 

Pregnancy 

Table I IL Protocol violations 

Category No. 

Improperly administered study medication 19 
Unallowed concomitant medication 19 
12~I-fibrinogen not given 13 
Adverse reaction 12 
Uncooperative patient I 1 
Early hospital discharge 10 
Non-  drug-related cause 9 
Excessive bleeding 9 
RFUTs not performed 9 
Administrative problem 7 
Patient died 6 
Patient discontinued 5 
Concomitant radioisotope 5 
Operation cancelled 4 
Non-  general anesthesia 3 
Personal reasons 2 
Under age 1 

144 

at high risk for postoperative pulmonary embolism. 
Because laparotomy is the major procedure of  the 
general surgeon, it is important to establish the risks 
vs. benefits of  any prophylactic DVT regimen in this 
important patient population. 

METHODS 

Fifteen medical centers participated in this in- 
vestigation, which was organized as a prospective 
double-blind, parallel group clinical trial. Institu- 
tional review board approval of the protocol and 
informed consent statements were obtained from 
each center. 

Patients entering this study were required to be at 
least 40 years of  age, scheduled for a major operation 
exceeding 45 minutes, and requiring general anes- 
thesia and a minimum 5-day postoperative period of  
hospitalization. A normal preoperative coagulation 
profile, which included platelet count, bleeding time, 

Table IV. Risk factors* 

Previous pulmonary embolism 
Previous DVT 
Malignancy 
Varicose veins 
Previous myocardial infarction 
Angina pectoris 
Previous long bone fracture 
Chronic obstructive pulmonary disease 
Contraceptives 

*No difference among treatment groups. 

prothrombin time, and partial thromboplastin time, 
was required. 

Only patients undergoing major intra-abdomi- 
nal operations are included in this analysis. Thora- 
cotomy, mastectomy, inguinal herniorrhaphy, pros- 
tatectomy, and lower genitourinary tract operations 
were eliminated. Additional patient exclusion 
criteria are listed in Table II. 

After informed consent was obtained, each pa- 
tient was randomly assigned to one of  five treatment 
groups. 

1. DHE 5000: a combination of  0.5 mg of  di- 
hydroergotamine and 5000 IU of  heparin 
sodium 

2. DHE 2500 :0 .5  mg of  dihydroergotamine 
plus 2500 IU of  heparin sodium 

3. HEP 5000:5000 IU of heparin sodium 
4. DHE 0.5:0.5 mg of  dihydroergotamine 
5. Placebo 

The study medications were administered by 
subcutaneous injection into the anterior abdominal 
wall beginning 2 hours prior to operation and con- 
tinuing thereafter every 12 hours for a minimum of  
5 days or the development of a positive RFUT. 

The criterion for diagnosis of  DVT was the 
RFUT. This test measures the incorporation of 
'2~I-fibrinogen into actively forming thrombi or 
previously established thrombi that continue to 
enlarge. TM One hundred milligrams of  potassium 
iodide was given orally to each patient the evening 
before operation and daily thereafter (whenever 
possible) for 5 days to act as a thyroid-blocking 
agent. Each patient received 100 t~Ci of 12H-fi- 
brinogen intravenously during the immediate post- 
operative period. RFUT measurements were begun 
4 hours after the administration of  12H-fibrinogem 
and performed daily until the patient had completed 
the 5- to 7-day treatment course. A portable isotope 
localization monitor (Ibrinator) was used to mea- 
sure the '25I-fibrinogen over four distinct points on 
the medial aspect of  the middle to lower thigh and 
six distinct points on the posterior aspect of the, 
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Table V. Risk factor distribution per treatment group* 

No. of 
risk factors DHE 5000 DHE 2500 HEP 5000 DHE 0.5 Placebo Total 

2 36 (24%) 44 (27%) 38 (24%) 15 (21%) 27 (34%) 160 (26%) 
3 63 (41%) 70 (43%) 69 (44%) 33 (45%) 28 (35%) 263 (42%) 
4 43 (28%) 37 (23%) 34 (22%) 21 (29%) 15 (19%) 150 (24%) 

->5 11 (7%) 13 (8%) 15 (10%) 4 (5%) 9 ( 1 1 % )  52 (8%) 
153 164 156 73 79 625 

Chi square (12 df) = 9.891; Prob > chi = 0.6255. 

Table VI. Comparative DVT incidence rates 

Pairwise comparisons 
Counts (exact p level)* 

Total 
Treatment No. DVT No DVT 2 3 4 5 

1. DHE 5000 153 14 139 0.0271 0.0253 0.0295 0.0024 
(9.2) (90.8) 

2. DHE 2500 164 28 136 1.000 0.4122 0.1326 
(17.1) (82.9) 

3. HEP 5000 156 27 129 0.8534 0.1455 
(17.3) (82.7) 

4. DHE 0.5 73 14 59 0.2983 
(19.2) (80.8) 

5. Placebo 79 19 60 
(24.1) (75.9) 

Numbers in parentheses are percentages. 
*Based on Fishers exact test. Comparisons among DHE 2500, HEP 5000, and DHE 0.5 are two tailed. All other comparisons are two 
tailed. 

popliteal fossa (2 points) and calf (4 points). The 
diagnosis of  DVT was established if there was at 
least a 20% difference in radiofibrinogen uptake that 
persisted for 24 hours and was detected at any 
anatomic point compared with the readings over ad- 
jacent points of  the same leg or the same anatomic 
point compared with previous readings and the cor- 
responding point on the opposite leg. 

The variables that were analyzed to monitor the 
safety of  the drug medication included the following: 
(1) operative blood loss, (2) postoperative blood 
loss, (3) excessive postoperative bleeding (a subjec- 
tive judgment of  the attending physician), (4) hema- 
toma formation either at the wound or the injec- 
tion site (daily evaluation), (5) hematuria (micro- 
or macroscopic), (6) pre- and postoperative he- 
moglobin determinations, and (7) adverse drug 
reactions. 

RESULTS 

Seven hundred sixty-nine patients having intra- 
abdominal operations were selected for this analysis, 
which is part of  a larger study being reported 
elsewhere. Six hundred twenty-five (81%)patients 
completed the study according to protocol require- 
ments. Reasons for protocol violation are listed in 

Table III. Comparison of  the distribution of  pro- 
tocol compliers and violators showed no difference 
between treatment groups. 

The average age of  patients completing this 
study was 60.2 years. Fifty-one percent of  the pa- 
tients were between 40 and 60 years of  age, and 49% 
were older than 60 years of  age. There was a rela- 
tively equal sex distribution (55% men and 45% 
women). The anthropomorphic characteristics of  
patients showed that 61% had medium frames, 22% 
small frames, and 17% large frames. Obesity was 
defined as greater than 15% above ideal body 
weight; 35% (220) of  patients were considered to be 
in this category. The average weight of  the men was 
170.5 pounds, and the average weight of  the women 
was 157.1 pounds. 

Existing risk factors for each patient were identi- 
fied according to those listed in Table IV. The risk 
factors were distributed equally throughout all 
treatment groups (Table V); therefore, the patients 
in each study group were at similar risk for DVT. 
All patients entered had at least two risk factors; 
74% had three or more. 

The incidence rates of thrombosis for each of the 
treatment groups is illustrated by the bar graph in 
Fig. 1. The DVT incidence observed for each of  the 
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Fig. 1. DVT incidence rates by treatment group. There 
was a trend in reduction in postoperative DVT for all 
treatment groups. Statistical significance was achieved by 
only DHE 5000 (p < 0.003), whereas DHE 2500 and 
HEP 5000 achieved a significance ofp > 0.13. Ntmaber of 
patients successfully completing protocol in each treat- 
ment group is listed at right of bar graph. 

five treatment groups was placebo, 24.1%; DHE 
0.5, 19.2%; HEP 5000, 17.3%; DHE 2500, 17.1%; 
and DHE 5000, 9.2%. A reduction in the incidence 
of  DVT was demonstrated in each treatment group. 
Compared with the placebo, DHE 0.5 showed a 
20% reduction in DVT, HEP 5000 a 28% reduc- 
tion, DHE 2500 a 29% reduction, and DHE 5000 a 
62% reduction. The number of  patients completing 
this study in each treatment group, the incidence of  
DVT, and the intergroup statistical comparisons of  
DVT incidence rates are shown in Table VI. 

The pairwise comparison of  treatment groups 
showed that DHE 5000 was significantly superior 
to the placebo (p < 0.003) and to all other treatment 
groups (vs. DHE 2500, HEP 5000, and DHE 0.5 
p < 0.03). Although DHE 2500 and HEP 5000 
appeared to be similarly effective in reducing the 
incidence of  DVT, the effect was not statistically 
significant compared with the placebo (p < 0.14 and 
p < 0.15, respectively). The patients treated with 
DHE 0.5 had a marginal reduction in the incidence 
of  DVT, which likewise was not significant 
(p < 0.3). 

Operative and postoperative hemorrhagic events 
were major considerations in the safety analysis of  

the study drugs. Table VII is a detailed compilation 
of  all aspects of  blood loss monitored during the 
study. Characterization of  blood loss included mea- 
sured intraoperative loss, patients losing more than 
vs. less than 1 unit of  blood, postoperative drainage, 
subjective impression of  "excessive postoperative 
bleeding," doctunentation of  blood replacement, 
and hematoma formation either at the operative 
wound or the injection site of  the study medication. 
The overall analysis reveals no statistically sig- 
nificant difference among treatment groups for any 
of  these measurements. The mean postoperative 
drainage shows a trend for higher values measured 
in the DHE 5000 and DHE 2500 groups, but on 
closer examination this difference was attributed to a 
few outliers in these two groups. Of  the few patients 
in this category, the attending physician thought 
that only one had "excessive" postoperative bleed- 
ing. Because the few extremely large outlying values 
tend to skew the means, the median values that are 
similar across groups are more meaningful estimates 
of  central tendency. All cases included, the differ- 
ences in means are not statistically significant. 

It is interesting to note that there was no sig- 
nificant difference in the incidence of  wound or in- 
jection site hematoma. One serious complication oc- 
curred in a patient who received DHE 5000, and it 
may have contributed to his death. Although the 
cause of  death was disseminated intravascular coagu- 
lation and sepsis attributable to bowel necrosis, the 
potentiating effect of  DHE on vasoconstriction in 
sepsis and hypotensive patients must be considered. 

D I S C U S S I O N  

The results of  this trial show a significant 
prophylactic benefit from postoperative DVT when 
the combination of  DHE 0.5 and HEP 5000 was 
injected subcutaneously 2 hours preoperatively and 
every 12 hours postoperatively. In view of  the nu- 
merous studies in the literature that substantiate 
significant prophylaxis with low-dose heparin alone, 
it was surprising to note that HEP 5000 or the 
combination of  DHE 2500 did not show significant 
prophylactic benefit in this series. 

There were no additional complications in the 
treatment groups when compared with the placebo. 
Specifically, there was no difference between treat- 
ment groups in any of  the blood loss parameters. 
Patients who have significant myocardial ischemia, 
sepsis, or hypotension should not be treated with 
DHE. 1~ It is also suggested that patients currently 
being treated with the DHE-heparin combination 
who develop any conditions initially considered ex- 
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Fig. 2. A, Jugular venous confluence of anesthesized but nonoperated dog showing normal 
endothelium with complete integrity and no thrombus formation. B, Higher magnification of 
same vein segment. C, Jugular venous confluence of operated dog showing laceration extend- 
ing through endothelittm and basement membrane. This injury represents inability of venous 
endothelium to accommodate to significant smooth muscle response (venodilation) of opera- 
five trauma. D, Higher magnification of venous laceration showing thrombus formation 
(WBCs, RBCs, platelets, and fibrin). 

clusion criteria be discontinued from their med- 
ication. 

Clearly not  all patients undergoing general sur- 
gical procedures need be treated with venous 
thrombosis prophylaxis. However,  patients in high- 
risk groups stand to benefit significantly, and it has 
been shown that D H E  5000 maintains its prophy- 
lactic efficacy in patients with multiple risk factors. 

Patients undergoing abdominal operations are at 
highest risk o f  developing DVT within the first 4 
postoperative days. 7,2° This suggests that the trauma 
o f  operation creates an environment responsible for 
the formation of  thrombi. The supine position, 
immobility, and venodilatation are thought to be 
factors that contribute to stasis. The prolonged re- 
tention of  dyc in the soleal sinuses has been demon- 
strated in immobile patients, 21'22 and investigators 
have shown a reduction in venous flow velocity. 23 
Hypcrcoagulability is thought to occur to some de- 
gree with operation, 24,25 although it may be difficult 

to define. Vein wall injury is a common precursor to 
DVT following direct trauma; however, recently it 
has been shown that there is a reproducible injury in 
remote veins following operations. 26 

It was found that when D H E  was combined 
with heparin, there was an added prophylactic ben- 
efit compared with heparin alone. 2m8 The mecha- 
nism proposed to explain these results is the appar- 
ent increased venous tone with improvement o f  ve- 
nous return and accelerated venous flow velocity. 
Kakkar et al. 28 showed that patients receiving the 
combination of  D H E  and heparin sustained a sig- 
niticantly higher heparin level than those receiving 
heparin alone. However,  Schran et al. 29 failed to re- 
produce that finding in a more recent study that 
investigated the pharmacokinetics and bioavailabil- 
ity of  this combination. 

The mechanism of  action of  the DHE-heparin 
combination appears to be synergistic since all three 
limbs of  Virchow's triad are potentially affected. In 
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Table VII. Safety analysis o f  study drugs 

Blood loss category DHE 5000 DHE 2500 HEP 5000 DHE 0.5 Placebo Total 

Intraoperative (ml) 
Mean 533 481 486 542 690 529 
Median 300 300 300 300 400 300 
No. > 500 ml 50 (34%) 46 (29%) 50 (35%) 28 (39%) 32 (43%) 206 (35%) 
No. < 500 ml 97 (66%) 111 (71%) 94 (65%) 44 (61%) 43 (57%) 389 (65%) 

Postoperative drainage (ml) 
Mean 188 146 90 73 117 131 
Median 50 50 50 50 68 50 

Excessive postoperativebleeding 1 (1%) 5 (3%) 2 (1%) 0 (0%) 1 (1%) 9 (1%) 
Total blood replaced (ml) 

Mean 396 330 347 396 412 369 
Median 0 0 0 0 0 0 

Hematoma 
Wound 5 (3%) 3 (2%) 4 (3%) 1 (1%) 1 (1%) 14 (2%) 
Injection site 18 (12%) 21 (13%) 20 (13%) 6 (8%) 6 (8%) 71 (11%) 

Postoperative hemoglobin drop (mean) 
Day 3 -1.23 -1.21 -1 .18 -1 .10 -1 .57  
Day 5 - 1.21 - 1.29 -- 1.03 - 0.93 - 1.27 

Hematuria (% of patients not catheterized) 
Day 3 34 21 15 28 23 
Day 5 18 26 18 10 14 

the canine model Stewart et al. 26 have shown venous 
intimal lacerations in areas of  venous confluences 
following total hip replacement. They likewise have 
demonstrated distant vein wall abnormalities follow- 
ing abdominal surgery and found that this damage 
could be reproduced with the infusion of  vasoactive 
amines. 3°,31 Subsequent studies likewise show that 
tears through the venous endothelium and basement 
membrane served as foci for thrombogenesis and 
were induced around venous confluences in re- 
sponse to surgically induced trauma or infused vaso- 
active amines I (Fig. 2). Because DHE markedly re- 
duces venodilatation, it can be postulated that inti- 
real lacerations that occur secondary to the pro- 
nounced response of vascular smooth muscle would 
be reduced. Therefore DHE can potentially decrease 
vein wall injury. It has been shown that DHE re- 
duces stasis by increasing venous flow velocity. The 
anticoagulant heparin is directed toward minimizing 
the hypercoagulable state. Therefore it can be con- 
cluded that the combination of  DHE and heparin 
affects each limb of  Virchow's triad, and one would 
naturally expect synergistic improvement in prophy- 
lactic benefit when the two are used in combination 
rather than each alone. 

C O N C L U S I O N S  

1. DHE 5000 given 2 hours preoperatively and 
continuously thereafter every 12 hours postop- 
eratively reduces the risk of  DVT in the lower 
extremities following intra-abdominal operations 
in patients 40 years of  age or older. 

2. DHE 5000 is significantly superior to HEP 
5000, DHE alone, or DHE 2500. DHE 5000 
maintains its prophylactic benefit when adminis- 
tered to high-risk patients. 

3. No significant side effects, adverse drug reac- 
tions, or hemorrhagic complications were found. 

4. DHE should not be administered in the presence 
of  overt sepsis or sustained hypotension. 

5. The proposed mechanism for prophylactic effect 
is through mediating all three limbs of  Virchow's 
triad by minimizing the hypercoagulable state 
(heparin), decreasing stasis by increasing venous 
flow velocity (DHE), and decreasing vein wall 
injury by limiting venodilatation (DHE). 

We wish to thank Gwendolyn Stewart, Ph.D., of the 
Thrombosis Research Center, Temple University Hospi- 
tal, Philadelphia, Pa., for providing the scanning electron 
micrographs used in Fig. 2. 
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D I S C U S S I O N  

Dr.  Andrew Nicolaides (London, England). This is a 
major contribution in the field of  prophylaxis o f  deep ve- 
nous thrombosis (DVT). It is a well-designed, carefully 
executed study that established the superiority of  the 
combination of  dihydroergotamine and 5000 units of  
heparin. 

Although Virchow's triad is not new, the progress 
made in the last 10 years had made us reappraise it and 
give us a better understanding of  the interaction among 
the three parts of  the triad. 

We now know that one factor of  Virchow's triad alone 
is not enough to produce thrombosis. At least two should 
be present at one time, and we believe that in the majority 
of  the clinical situations all three are present. 

We know that a column of  blood in a vein that has 

been clamped will not clot as long as activated coagulation 
factors are not present and the endothelium is intact. 

However, in the presence o f  activated clotting factors 
or damaged endothelium, the blood will thrombose; but a 
high blood flow will not allow this to happen even in the 
presence o f  damaged endothelium and hypercoagulable 
factors. 

Dr. Comerota has told us how trauma can initiate a 
process that will damage the endothelium distally, and 
here is the best example o f  how one factor in Virchow's 
triad will initiate another. The understanding of  this in- 
teraction has become an essential requisite for proper and 
rational management o f  prophylaxis, and I predict that we 
will be seeing more combinations of  prophylactic methods 
that attack not one limb of  Virchow's triad only but sev- 
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eral together, and I think this will be essential if we are 
going to prevent DVT in the high-risk groups. 

Dr. W. Kirt Nichols (Columbia, Mo.). The incidence 
o f  fatal postoperative pulmonary embolism, and by infer- 
ence DVT, seems to be decreasing in our institution; 
nonetheless, this problem continues to vex the busy clini- 
cian. Protocols that aim to reduce the incidence even 
further are to be applauded. 

To this end the authors have added dihydroergot- 
amine to a standard protocol of  low-dose heparin. One of  
the proposed mechanisms of  this combination is to de- 
crease venous stasis by producing selective venoconstric- 
tion and thereby increasing venous flow velocity. Dr. 
Comerota does not mention other commonly used tech- 
niques to achieve this end--such as leg elevation, elastic 
stockings, early ambulation, and muscle pumps. 

I would like to ask two questions. Did you control this 
study in some way to minimize the effects o f  the other 
techniques to improve venous return? Did you measure or 
quantify in any way in order to confirm the impression of  
an increased venous flow velocity? 

Dr. Michael H u m e  (Boston, Mass.). I want to thank 
the Society for a chance to mention one or two reactions 
to a well-designed trial, which I regret they terminated so 
soon because I think the numbers are small. A multicenter 
trial ought to have a larger experience. 

We know that the combination o f  dihydroergotamine 
with heparin is an effective agent, and I am surprised that 
the result o f  their trial is to show that heparin alone was 
not better than the placebo. It has been in many other 
series. That raises some question about the entire study. 

In Europe the smaller amount of  heparin (2500 units) 
with dihydroergotamine has been shown to be effective. 
The advantage o f  the combination was that one could get 
by with less heparin and consequently reduce the risk of  
bleeding. 

It is disappointing to find that that is not confirmed 
and that you have to use as much heparin with the dihy- 
droergotamine as has been previously thought to be effec- 
tive (heparin alone). 

I am somewhat concerned, therefore, about the result 
and think it would have been better to have a larger total 
number of  cases in the multicenter trial. 

Dr. Comerota (closing). Dr. Bergan, we did not 
monitor for clinical signs o f  DVT. I can say from the two 
centers in which I was involved that most o f  the patients 
who developed positive radiofibrinogen uptake tests did 
not have clinical evidence of  DVT. 

In terms of  pulmonary embolism, although this was 
not a realistic end point of  this study, there were two 
patients who developed pulmonary embolism during the 
treatment period. One was in the placebo group (this was 
documented with a pulmonary angiogram), and one was 
suspected to have a pulmonary embolism. He was in the 
D H E -  HEP 2500 group and had a suspicious lung scan. 
Both were treated for pulmonary emboli. 

Mr. Nicolaides, I thank you for your very kind 
comments. 

Dr. Nichols, I cannot take credit for the design of  this 
protocol. Basically, the protocol was designed by Dr. Ar- 
thur Sasahara of  Boston and Dr. Frank DiSerio from San- 
doz Pharmaceuticals. No other techniques were used for 
accelerating venous flow velocity, and all patients who had 
complicating factors such as any anticoagulant or anti- 
platelet agent given within 3 days of  entrance into this 
study or during this study were eliminated from the pro- 
tocol. One Percodan tablet during the study would elimi- 
nate the patient from consideration. 

We did not document venous flow velocity and relied 
on the work of  previous investigators. 

Dr. HLune, we too were surprised that low-dose 
heparin at 5000 units every 12 hours did not give us an 
efficacious end point. However, we could not argue with 
the data. I think one explanation might be that the patients 
admitted to this study were generally high-risk patients. 

I must recognize Dr. Gwendolyn Stewart o f  the 
Thrombosis Research Center of  Temple University Hos- 
pital for her meticulous research, and I thank her for shar- 
ing her results with us. 

It was the concerted effort of  the investigators o f  this 
multicenter trial committee that permitted the successful 
completion of  this study, and on behalf o f  them I thank 
the Society for Vascular Surgery for the opportunity to 
present our results. 


