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ABSTRACT 

The Hemochron Rx/Dx uses an ACT and a heparin response tube to calculate the heparin 
dose to identify heparin sensitive/resistant patients. We evaluated the Rx/Dx system in 37 pa­
tients to determine if the ACT after the predicted heparin loading dose was adequate to initiate 
CPB. 

The mean heparin dose calculated by the Rx/Dx was 31,700 IU ± 8,700 IU (370 IU/kg) 
with a mean post ACT of 463 ± 124 sec. Our standard heparin dose (400 IU/kg) would have 
given an additional2,800 IU over the Rx/Dx. 

Four patients (6.5%) were predicted to be heparin sensitive and all four achieved an ACT 
over 450 sec. Twenty-one patients (56.8%) were predicted to be resistant and yet failed to raise 
the ACT over 450 sec in 17 (81.0% ). Twelve patients (32.4%) were predicted to have a normal 
heparin response, and four (33.3%) did not achieve an ACT over 450 sec. In all, 21 patients 
(56.8%) did not achieve an ACT greater than 450 sec. 

Each institution should evaluate their heparin loading dose and the resultant ACT. In this 
study, we found the number of times the Rx/Dx system did not raise the ACT over 450 sec too 
great to justify the additional expense. 
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INTRODUCTION 

The use of the activated clotting time (ACT) has gained 
popularity in many centers for monitoring the anticoagulant ef­
fect of heparin during cardiopulmonary bypass (CPB). Measur­
ing the ACT during CPB has been shown to be an improvement 
over administering a standard dose of heparin followed with 
additional heparin doses at fixed intervals. There is both a re­
duction in blood loss and a reduction in heparin rebound seen 
in patients post CPB ( l-9). 

The ACT may be influenced by many factors. Many vari­
ables have been noted by Mabry: 1) the molecular heterogene­
ity of the different species of heparin, 2) the wide spectrum of 
binding sites and their respective kinetic properties and the dis­
sociation constants, 3) differences in methods for measuring the 
effect of heparin and its concentration, 4) the dose dependence 
of the drug's half-life, 5) the presence of ongoing thrombosis or 
infection , 6) the individual variation in response to heparin, 7) 
the level and binding of antithrombin III, and 8) drug interac­
tions with heparin (10). In addition, other variable factors have 
been implicated as well, such as the platelet count ( 11 ), hypoth­
ermia (12, 13) and hemodilution (12-15 ). Stenbjerg and asso­
ciates however, did not see any changes with hemodilution in 
their study (16). The ACT machine itself has been shown to have 
variations ranging from 10% (17, 18) to 25% (19, 20), indicat­
ing that there may be a need for two samples to be drawn each 
time. The technique used by the perfusionist may cause the re­
sults to vary as well, which would include the time of the sam­
pling (pre vs. post skin incision) (21 ), the amount of time the 
heparin is allowed to circulate (22), manual vs. automated (I 0), 
the site where the sample is drawn from (13, 14, 16), and the 
technique used to shake the tube (20). All of these factors indi­
cate the need for a standardized technique during each case. 

Anderson described possible causes of heparin resistance: 
1) infective endocarditis 2) intra-aortic balloon pump 3) 
hypereosinophilic syndrome 4) oral contraceptives 5) shock 6) 
low grade intravascular coagulation 7) previous heparin therapy 
8) previous streptokinase 9) presence of a clot within the body 
I 0) congenital antithrombin III deficiency 11) pregnancy 12) 
neonatal respiratory distress syndrome 13) increased platelet 
count 14) increased Factor VIII levels 15) secondary decrease 
in antithrombin III levels 16) ongoing clotting and utilization of 
heparin (26). 

Patients exhibiting heparin resistance can be a challenge in 
that additional heparin is required and in severe cases, the level 
of the patient's antithrombin III may need to be increased with 
either fresh frozen plasma (FFP) or Thrombate III (antithrom­
bin III)" (23-25). Both of these measures add additional time 
delays, and will ultimately add to the overall cost to the patient. 

a Miles, Inc., West Haven, CT 06516-4175 
b International Technidyne Corporation, Edison, NJ 08820 
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Our primary concern has been in the patient exhibiting heparin 
resistance and thus, we are more interested in the results of the 
heparin calculation by the Rx/Dx system than with the prota­
mine requirements. Hence, the protamine results are not dis­
cussed here. It is because of the need for standardization, and 
the added cost to the heparin resistant patient, that we decided 
to investigate the International Technidyne Hemochron 8000 Rx/ 
Dx systemo. 

MATERIALS AND METHODS 

The Rx/Dx system uses two blood sample ports to calcu­
late a heparin and protamine dose. To determine the heparin dose, 
one port is used for the ACT (CA510 black top tube), while the 
other port uses an Rx/Dx Heparin Response Time tube (HRT) 
(mint top tube) with six units of heparin within the tube. Both 
tubes require 2 mls of whole blood drawn at the same time prior 
to heparinization as a baseline. The CA5l 0 will yield the baseline 
ACT level while the HRT will measure the effect with the six 
units of heparin inside the tube. The Hemochron 8000 will then 
measure the difference between the two and calculate the hep­
arin dose based on values of body weight, height, and gender, 
all of which the perfusionist programs into the Rx/Dx system. 

The desired level of anticoagulation can also be entered for 
a level of 300 or 480 seconds for the target end point. Heparin 
bottles are supplied to match the heparin within the HRT tubes 
with the lot number of heparin solution administered to the pa­
tient to minimize any possibility of variation in heparin lot po­
tency. Following heparinization, a post heparin ACT is drawn. 
If this ACT is below the desired level of 480 sec, the Rx/Dx 
system will calculate the additional heparin necessary to achieve 
480 sec. The amount of heparin per body weight predicted by 
the Rx/Dx was recorded and compared to the amount of hep­
arin per body weight that would have been used with our stan­
dard dose of 400 IU/kg, or to that of 300 IU/kg. 

Forty-one patients were selected for trial of the Hemochron 
8000 Rx/Dx system, specifically for the heparin calculation. In 
four patients, the Hemochron system aborted the test prema­
turely, which in turn, did not give a calculated heparin dose. Due 
to the somewhat time-consuming element of acquiring a second 
baseline HRT, which would have resulted in an immediate de­
lay in giving the heparin dose and continuing on with the op­
eration, another set of blood samples were not drawn in these 
four patients, but rather our standard heparin protocol dose of 
400 IU/Kg was given. Thirty-seven patients were ultimately 
completed within this study group. 

The patient's case number, height, weight, and gender were 
entered into the Hemochron 8000, as well as the target ACT of 
480 sec for the acceptable level of anticoagulation along with 
the type of ACT tube (CA51 0). Following the manufacturer's 
guidelines for sampling, all samples were drawn just prior to he­
parinization with enough time to avoid a delay in the calcula­
tion by the Rx/Dx system. Blood samples were withdrawn from 
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the patient's radial arterial line. Two milliliters of whole blood 
was used in the CA-510 black top ACT tube and an additional 
2 ml in the HRT (mint top tube). The Rx/Dx system measured 
the end point of the ACT and HRT and then provided the calcu­
lation of the heparin dose. After the heparin dose was determined, 
heparin was drawn up from the provided heparin vials match­
ing the HRT tubes to the heparin vial lot numbers and adminis­
tered to the patient. 

A heparin dose response calculation was used in order to 
determine whether a patient would be resistant, sensitive, or 
achieve a normal heparin response, where Heparin Concentra­
tion would be: Heparin (units)/ Patient Blood Volume (ml), and 
Heparin Dose Response would be: (Post heparin ACT- Pre he­
parin ACT)/ Heparin Concentration. Sixty to eighty sec/unit/ml 
would be considered a normal heparin response. Anything less 
than 60-80 sec/unit/ml would be considered to be heparin resis­
tant, and anything greater would be heparin sensitive. 

A post heparin ACT was drawn 5 minutes later to verify 
adequate heparinization. If the post heparin ACT was less than 
450 sec, additional heparin necessary to achieve an ACT of 480 
sec was calculated by the Rx/Dx system and administered to the 
patient. The t-tests for paired samples were used to evaluate sta­
tistical significance, with P < 0.05. 

RESULTS 

There were 26 male and 11 female patients enrolled in the 
study. The mean age was 61.7 ± 10.7 years, the mean body 
weight was 85.7 ± 16.9 kg, and the mean body surface area 
(BSA) was 1.99 ± 0.22 m2. (Table 1). 

Table 1: Patient demographic information 

WEIGHT (mean) 
BSA (mean) 
NUMBER OF MALE 
NUMBER OF FEMALE 
AGE (mean) 

Table 2: ACT/HRT values 

PRE ACT 
POST ACT 
HRT 

85.7 ± 16.9 kg 
1.99 ± 0.22 m' 

26 
II 

61.7 + 10.7 yrs 

133.3 sec 
463.0 sec 
348.0 sec 

Table 3: Heparin Dose Comparison 

Rx/Dx Heparin Dose 
400 IU/kg Heparin Dose 
300 IU/kg Heparin Dose 

31,700 ± 8,700 IU 
34,500 ± 6,800 IU 
25,800 ± 5,200 IU 

Rx/Dx compared to 400 IU/kg: p < 0.017 (significant) 
Rx/Dx compared to 300 IU/kg: p < 0.001 (significant) 
400 IU/kg compared to 300 IU/kg: p < 0.001 (significant) 
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The mean pre-heparinization ACT value was 133 sec (range 
100-194) with an HRT of 348 sec (range 276-454) (Table 2), 
calculating a mean heparin dose of 31,700 IU (range 15,000-
50,000). The mean patient weight of 85.7 kg gave a mean hep­
arin dose of 370 IU/kg. The Rx/Dx system dose called for 2,800 
IU less heparin when compared to our standard dose of 400 IU/ 
kg (p <.017). The Rx/Dx system dose called for 5,900 IU more 
heparin when compared to a dose of300 IU/kg (p <.001) (Table 
3). The mean post heparin ACT was 463 sec (range 309-1000), 
just 17 sec below the target of 480 sec (NS) (Table 2). 

Four of the 37 patients (6.5%) were predicted to be heparin 
sensitive, with all four achieving an ACT of 450 sec or greater. 
Heparin resistance was predicted in 21 of the 37 patients (56.8% ), 
and failed to adequately raise the ACT over 450 sec in 17 
(81.0%) of these patients. Twelve of the 37 patients (32.4%) were 
predicted to fall within the normal heparin response, and 4 
(33.3%) failed to adequately raise the ACT over 450 sec. Of the 
37 patients, 21 (56.7%) had an ACT of less than 450 sec (17 
patients from the heparin resistant group, and 4 from the nor­
mal heparin response group). 

DISCUSSION 

Cost saving has certainly become increasingly vital in all 
areas of health care. No longer is it sufficient to compare cost 
between different manufacturers to seek the lowest price or the 
most convenient device. The ability of a device (or technique) 
to reduce operating room time is an issue more and more manu­
facturers are stating in their sales agenda to the perfusionist and 
health care administrators. 

One must carefully evaluate the efficiency in every aspect 
of surgical technique and individual products for any possible 
reduction of cost related to the time savings. With respect to this 
issue, we sought to evaluate the Hemochron Rx/Dx system in 
order to see if we would be able to identify patients that may be 
heparin resistant and/or sensitive. Our primary concern was to 
identify the heparin resistant patient in order to cut down on the 
pre-CPB period of waiting for FFP/Thrombate III. In addition 
to calculating the heparin dose, the Rx/Dx system will also give 
a calculated protamine dose, which was not our primary objec­
tive. 

Despite the popularity ofthe ACT, there is still debate over 
its usefulness. Several studies have found that the ACT does not 
show a good correlation with the plasma heparin levels (13, 27), 
and that the ACT had little value on residual heparin levels (28, 
29). Dietrich, on the other hand, found that the plasma heparin 
level itself was not a good indicator of anticoagulation (25). Oth­
ers have found that the ACT does correlate with heparin levels 
(1, 2) but varies between patients (2). Verska found that the 
patient's weight, body surface area, and age did not correlate 
with the ACT (3). 

In this study we made no attempt to determine any correla­
tion between the ACT and heparin levels, nor with blood loss 
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or utilization. Our primary concern has been with patients that 
exhibit marked variable responses to heparin prior to CPB, with 
particular interest in those with heparin resistance. If the perfu­
sionist is be able to identify these patients and is able to adjust 
the initial heparin dose accordingly, he/she may be able to elimi­
nate the need for an additional dose of heparin, prior to initiat­
ing CPB. One may also be able to establish a protocol to order 
FFP or Thrombate III to elevate the antithrombin levels in or­
der to treat heparin resistance immediately. Naturally, such a 
machine would have to be shown to be extremely accurate and 
reliable in establishing a pre-heparin protocol for anti-thrombin 
III administration. 

The results of the "mean" ACT data were found to be 
straightforward when comparing the end point ACT (463 sec) 
to the desired ACT (480 sec). However, determining the over­
all efficacy of just how well the machine will alert the perfu­
sionist to the possibility of an abnormal response to a standard 
heparin dose is more difficult. 

Mollitt describes the ideal characteristics of a laboratory 
monitor of heparinization: 1) quantitate the anticoagulant effect 
2) reflects the logarithmic curve of heparin disappearance and 
3) be simple to perform and therefore available at all hours (30). 
The advantages and disadvantages of the ACT have been listed 
elsewhere (31). 

Looking at the mean values, one could conclude that the 
Rx/Dx system achieved satisfactory results, especially if one 
were giving a fixed heparin dose based on weight and never 
measured the post heparin ACT, but gave fixed doses at set in­
tervals. However, the primary objective was to identify all pa­
tients that would be heparin resistant, and to adjust the heparin 
dose to achieve an ACT of 480 sec prior to CPB. Our heparin 
protocol is to use 400 IU/kg, had 300 IU/kg been used, the 
amount of heparin required would have been lower and the re­
sults may be somewhat different. Ultimately, each institution 
should evaluate their own heparin dose protocol before making 
any necessary modification. 

The Rx/Dx predicted 4 patients (6.5%) to be heparin sensi­
tive, and the calculated heparin dose raised the ACT over 450 
sec in all patients. Heparin resistance was predicted in 21 pa­
tients (56.8% ), and the heparin dose failed to raise the ACT over 
450 sec in 17 patients (81.0% ). A normal heparin response was 
predicted in 12 patients (32.4% ), yet the heparin dose failed to 
raise the ACT over 450 sec in 4 patients (33.0% ). A total of 21 
patients (56.8%) did not achieve an ACT of 450 sec, prompting 
us to administer additional heparin. 

The target ACT was set at 480 sec; anything less than 450 
sec would prompt us to administer additional heparin to achieve 
an ACT of 480 sec. Many centers may choose to go with an ACT 
of 400 sec as acceptable to initiate CPB; however, we feel more 
comfortable with an ACT of 450 sec based on previous study 
slides showing gross deposits of platelets and fibrin on arterial 
filters at 400 sec, and much less of an effect was seen at 450 sec 
(32). Thus, we feel inclined to make every effort to have the ACT 
greater than 450 sec. Strictly speaking, a post heparin ACT less 
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than 480 sec (instead of 450) could possibly be considered hep­
arin resistant when one considers that an automated (computer­
ized) system was employed, while it also implied the resultant 
ACT of 480 sec should be achieved. 

The amount of heparin required for our standard heparin 
dose (400 IU/kg) would have been just 2,800 IU more than the 
amount given by the Rx/Dx system (P<0.017). Had this addi­
tional dose been able to sufficiently raise the ACT over 450 sec 
is merely speculation. With a heparin dose of 300 IU/kg, the 
amount of heparin given would have been 5,900 IU less than 
the Rx/Dx system (P< 0.001). Having a standard dose of 3 mg/ 
kg in these patients would most likely have increased the num­
ber of patients responding with an ACT of less than 450 sec. 

Twenty-one of the 37 patients (56.8%) did not achieve an 
ACT above 450 sec. This failure to bring the target ACT to an 
acceptable level was felt to be extremely high and kept us from 
purchasing this machine. We could not justify the cost of the 
Rx/Dx system knowing that in over half of the patients the re­
sults would be less than satisfactory. 

In conclusion, our primary objective was to identify hep­
arin resistant patients and to achieve an ACT of 480 sec in a 
standardized fashion. We felt that the inability of the Rx/Dx to 
raise the ACT over 450 sec in 21 of 37 patients (56.8%) of the 
predicted heparin resistant patients, and 56.8% of the total pa­
tient population, is too great to justify the added expense of the 
machine and the disposable tubes necessary to operate the sys­
tem. 

ACKNOWLEDGMENTS 

Special thanks to Thomas L. Warren, MD, Althea J. Smiley, 
MD, William G. Devore, MD, Frank E. Rinaldo, MD, along with 
Connie and Ed Wilde for their technical support in preparing 
this manuscript. This study was sponsored in part by the 
Cardiothoracic Research Foundation and International 
Technidyne Corporation. 

REFERENCES 

Mabry CD, Thompson BW, Read RC. Activated clotting 
time (ACT) monitoring of intraoperative heparinization in 
peripheral vascular surgery. Am Journal Surg. 1979; 138: 
894-900. 

2 Sobel M, Gervin CA, Qureshi DG, Greenfield LJ. Coagu­
lation responses to heparin in the ischemic limb: assessment 
of thrombin and platelet activation during vascular surgery. 
Circulation. 1987; 76 (suppl III) III-8-13. 

3 Verska JJ. Control of heparinization by activated clotting 
time during bypass with improved postoperative homeosta­
sis. Ann Thorac Surg. 1977; 24: 170-173. 

4 Preiss DU, Bleibtreu HS, Berguson P, Metz G. Blood trans­
fusion requirements in coronary artery surgery with and 

Volume 29, Number 2, June 1997 



THE jOURNAL OF EXTRA-CORPOREAL TECHNOLOGY 

without the activated clotting time (ACT) Technique. Klin 
Wochenschr. 1985; 63: 252-256. 

5 Papaconstantinou C, Radegran K. Use of the activated co­
agulation time in cardiac surgery. Scand J Thor Cardiovasc 
Surg. 1981; 15:213-215. 

6 Niinikoski J, Laato M Laaksonen V, Jalonen J, Inber MV. 
Use of activated clotting time to monitor anticoagulation 
during cardiac surgery. Scand J Thor Cardiovasc Surg. 1984; 
18: 57-61. 

7 Kaul TK, Crow MJ, Rajah SM, Deverall PB, Watson DA. 
Heparin administration during extracorporeal circulation. J 
Thorac Cardiovasc Surg. 1979; 78: 95-102. 

8 Dearing JP, Bartles DM, Stroud MR, Sade RM. Activated 
clotting times versus protocol anticoagulation management. 
J Extra-Corpor Techno!. 1983; 15: 17-19. 

9 Lefemine AA, Lewis M. Activated clotting time for con­
trol of anticoagulation during surgery. Am Surg. 1985; 51: 
274-278. 

10 Mabry CD, Thompson BW, Read RC, Campbell GS. Acti­
vated clotting time monitoring of intraoperative hepariniza­
tion: Our experience and comparison of two techniques. Sur­
gery 1981; 90: 889-895. 

11 Wilds SL, Camerlengo LJ, Dearing JP. Activated clotting 
time and cardiopulmonary bypass III: Effect of high plate­
let count on heparin management. J Extra-Corpor Techno I. 
1982; 14: 322-324. 

12 Cohen EJ, Camerlengo LJ, Dearing JP. Activated clotting 
times and cardiopulmonary bypass 1: The effect of hemodi­
lution and hypothermia upon activated clotting time. J Ex­
tra-Corpor Techno!. 1980; 12: 139-141. 

13 Culliford AT, Gite1 SN, Starr N, et al. Lack of correlation 
between activated clotting time and plasma heparin during 
cardiopulmonary bypass. Ann Surg. 1981; 193: 105-111. 

14 Albrechtsen OK, Stenbjerg S, Berg E. Clinical experience 
with activated clotting time (ACT) controlled hepariniza­
tion in open heart surgery. Thorac Cardiovasc Surgeon. 
1982; 30: 109-112. 

15 Kase PB, Dearing JP. Factors affecting the activated clot­
ting time. J Extra-Corpor Techno!. 1985; 17: 27-30. 

16 Stenbjerg S, Berg E, Albrechtsen OK. Heparin levels and 
activated clotting time (ACT) during open heart surgery. 
Scand J Haematol. 1981; 26: 281-284. 

17 Rosenwasser RH, Garrido E, Freed MH, Shupak RC. Moni­
toring of activated clotting time during carotid endarterec­
tomy: A preliminary report. Neurosurgery. 1981; 9: 521-
523. 

18 Akl BF, Vargas GM, Neal J, Robillard J, Kelly P. Clinical 
experience with the activated clotting time for the control 
of heparin and protamine therapy during cardiopulmonary 
bypass. J Thorac Cardiovasc Surg. 1980; 79: 97-102. 

19 Bull MH, Huse WM, Bull BS. Evaluation of tests used to 
monitor heparin therapy during extracorporeal circulation. 
Anesthesiology. 1975; 43: 346-353. 

20 Uden DL, Payne NR, Kriesmer P Cipolle RJ. Procedural 

Volume 29, Number 2, june 1997 

variables which affect activated clotting time test results 
during extracorporeal membrane oxygenation therapy. Criti­
cal Care Medicine. 1989; 17: I 048-1051. 

21 Gravlee GP, Whitaker CL, Mark LJ, Rogers AT, Royster 
RL, Harrison GA. Baseline activated coagulation time 
should be measured after surgical incision. Anesth Analg. 
1990; 71: 549-553. 

22 Coleman ET, Hargrove M, Singh HP, Aherne T. Estima­
tion of minimum heparin circulation time for activated clot­
ting time determination. J Extra-Corpor Techno I. 1994; 26: 
61-63. 

23 Cloyd GM, D' Ambra MN, Akins CW. Diminished antico­
agulant response to heparin in patients undergoing coronary 
artery bypass grafting. J Thorac Cardiovasc Surg. 1987; 94: 
535-538. 

24 Staples MH, Dunton RF, Karlson KJ, Leonardi HK, Berger 
RL. Heparin resistance after preoperative heparin therapy 
or intraaortic balloon pumping. Ann Thorac Surg. 1994; 57: 
1211-1216. 

25 Dietrich W, Spannagl M, Schramm W, Vogt W, Barankay 
A, Richter JA. The influence of preoperative anticoagula­
tion on heparin response during cardiopulmonary bypass. J 
Thorac Cardiovasc Surg. 1991; 102: 505-514. 

26 Anderson EF. Heparin resistance prior to cardiopulmonary 
bypass. Anesthesiology. 1986; 64: 504-507. 

27 Hooper TL, Conroy J, McArdle B, et al. The use of the 
Hemochron in assessment of heparin reversal after cardiop­
ulmonary bypass. Perfusion. 1988; 3: 295-300. 

28 Esposito RA, Culliford AT, Colvin SB, Thomas SJ, Lackner 
H, Spencer FC. The role of the activated clotting time in 
heparin administration and neutralization for cardiopulmo­
nary bypass. J Thorac Cardiovasc Surg. 1983; 85; 174-185. 

29 Teoh KHT, Young E, Bradley CA, Hirsh J. Heparin bind­
ing proteins: Contribution to heparin rebound after cardiop­
ulmonary bypass. Circulation. 1993; 88: II 420-425. 

30 Mollitt DL, Gartner DJ, Madura JA. Bedside monitoring of 
heparin therapy. Amer J Surg. 1978; 135: 801-803. 

31 Byars TD, Ling GV, Ferris NA, Keeton KS. Activated co­
agulation time (ACT) of whole blood in normal dogs. Am 
J Vet Res. 1976; 37: 1359-1361. 

32 Young JA. Coagulation abnormalities with cardiopulmonary 
bypass. In: Utley JR, Ashleigh EA, eds. Pathophysiology 
and Techniques of Cardiopulmonary Bypass. Baltimore: 
Williams & Wilkins; 1982; 1: 88-105. 

87 


