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Summary y 

Background:Background: The application of a heparin dosing nomogram in the treatment of 

patientss with venous thromboembolism resulted in improvement of heparin therapy in 

clinicall research settings. In 1992 a heparin nomogram was introduced in our hospital, 

whichh is a community hospital where anticoagulant therapy is supervised by the 

attendingg physicians. We studied whether comparable improvements were achieved 

inn such a non-surveyed clinical setting. 

Methods:Methods: Patients were identified from computerised discharge records, and 

classifiedd into a pre-nomogram (discharged in 1990 or 1991) and a nomogram patient 

groupp (discharged in 1993 or 1994). The use of the nomogram was encouraged but 

thee application remained on a voluntary basis. Since the definition of the target APTT 

rangee was different in the pre-nomogram period as compared to the nomogram 

period,, a formal analysis of pre- and post-nomogram results was not considered 

justified. . 

Results:Results: The APTT ratio, six hours after the start of heparin treatment, was below 

thee predefined lower limit in 72% of 127 patients in the pre-nomogram group and in 

13%% of 127 patients in the nomogram group. During 1043 days heparin therapy in the 

nomogramm group the morning APTT ratio was subtherapeutic in 8%. In 58% of all 

APTTT results the physician responded according to the nomogram. The subsequent 

APTTT was in the target range in 64% of the cases compared to 3 1 % if the adjustment 

wass not performed according to the nomogram (P<0001). Major bleeding episodes 

occurredd in 3.1% in the pre-nomogram period and in 0.7% in the nomogram period. 

Conclusion:Conclusion: The present study shows that the introduction of a heparin dosing 

nomogramm in a non-research clinical setting results in more adequate heparin 

anticoagulationn with low risks of bleeding. 
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Introduction n 

Initiall adjusted dose heparin therapy in patients with established venous 

thromboembolismm (VTE) requires rapid achievement and maintenance of a 

therapeuticc activated partial thromboplastin time (APTT) test result in order to prevent 

recurrentt VTE on the one hand, and to avoid an excessively prolonged APTT to 

minimisee the risk of major bleeding on the other hand. For these reasons, at least daily 

monitoringg of heparin treatment is mandatory. The APTT target range is usually 

definedd as a ratio between 1.5 and 2.5 times the control APTT value using a 

thromboplastinn reagent. This range corresponds to a heparin level of 0.2-0.4 U/mL by 

protaminee titration assay which is generally considered to be the therapeutic range for 

thee treatment of patients with VTE (1,2). 

AA series of clinical studies have documented that the usual monitoring of heparin 

dosingg often fails in achieving the defined goals (3,4). This has led to the design of 

nomogramss for initial dosing of heparin and subsequent dose adjustments, which 

havee shown to improve heparin therapy. However, these observations were made in 

clinicall research settings (5-8). 

Inn 1992 a heparin nomogram was introduced in our hospital, which is a community 

hospitall where anticoagulant therapy is supervised by the attending physicians. The 

usee of the nomogram was encouraged but the application remained on a voluntary 

basis.. To determine the adequacy of this approach, in a non-surveyed clinical setting, 

wee retrospectively analysed the quality of heparin treatment in all patients with venous 

thromboembolismm (VTE) throughout 1993 and 1994. Heparin treatment in the 1991 

andd 1992 pre-nomogram period served as a reference. Since the definition of the 

targett APTT range was different in the pre-nomogram period as compared to the 

nomogramm period, a formal analysis of pre- and post-nomogram results was not 

consideredd justified. 

Methods s 

Patients Patients 

Alll patients with a discharge diagnosis of VTE, confirmed by objective diagnostic 

techniques,, were eligible for the study. Patients were identified from computerised 

dischargee records, and classified into a pre-nomogram (discharged in 1990 or 1991) 

andd a nomogram patient group (discharged in 1993 or 1994). Patients were excluded 

iff they were either not treated with intravenous heparin or received thrombolytic 

89 9 



ChapterChapter 7 

therapy. . 

StudyStudy Design 

Inn the pre-nomogram period heparin therapy was initiated with 5000 IU iv. heparin 

boluss and a subsequent continuous infusion rate determined by the attending 

physician.. The dose of intravenous heparin therapy was adjusted by the attending 

physician,, based on the patient's APTT response. The APTT method used, a 

commerciall reagent with kaolin activator (Boehringer, Germany) and manual endpoint 

detection,, had a normal range of 25-37 sec and the recommended target range was 

60-855 sec. If required, the heparin dose-adjustments consisted of increasing or 

decreasingg the maintenance infusion rate with 5000 IU heparin per 24 h. In September 

19922 a heparin nomogram was introduced, including a weight-based bolus, a weight-

basedd initial continuous infusion rate and infusion rate changes referenced to a 

standardd heparin intravenous solution concentration of 60 IU per 0.1 ml_ (Table 1). 

Thee APTT was determined by the same assay, however expressed as a ratio of the 

APTTT test result devided by the pre-treatment APTT and a target range of 1.5 - 2.5. 

Warfarinn therapy was started concurrently in both study periods to achieve an INR 

ratioo of 2 to 3. 

Data Data 

Alll information was extracted from medical charts and nursing notes by a single 

investigator,, using a priori specified criteria for adequacy of heparin response. Specific 

attentionn was given to episodes of clinically relevant bleeding, including a search for 

thee indication to interrupt heparin treatment or to decrease the administration rate for 

reasonss other than provided by the nomogram. In addition changes in the 

haemoglobinn levels were recorded. Major bleeding episodes were documented 

addressingg the complete hospitalisation period. Major bleeding was defined as 

clinicallyy overt and associated with a decrease in haemoglobin level of at least 1.3 

mmol/LL or accompanied by transfusion of packed red blood cells or by the cessation of 

heparinn therapy. Clinical causes of death were documented and autopsy study results 

iff available were included. 
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TableTable 1 Heparin Dosing Nomogram 

Loadingg dose: 
<< 50 kg: 3500 IU 50-90 kg: 5000 IU > 90kg: 7500 IU 

Initiall maintenance infusion: 
2.11 mL/h = 1260 lU/h - 30240 IU/24h for a 80 kg body weight. For each 5 kg 
increase/decreasee in weight, adjust 1 ml_ 

Maintenancee infusion adjustment: 
Measuree APTT ratio 6 hours after initiating the maintenance infusion and adjust as 
follows s 

ratioo bolus (IU) stop (min) rate change (ml/h) repeated APTT (h) 
<< 1.2 
<< 1.5 
1.5-2.5 5 
2.5-3.0 0 
3.0-3.7 7 
>3.7 7 

5000 5000 
5000 5000 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
30 0 
60 0 

++ 0.3 
++ 0.2 
0 0 

-0.2 2 
-0.2 2 
-0.3 3 

6 6 
6 6 

Nextt A M 
Nextt A M 

6 6 
6 6 

Results s 

PatientPatient Characteristics 

AA total of 355 consecutive patients were identified with a discharge diagnosis of 

VTE,, 173 patients in the pre-nomogram period and 182 in the nomogram period. A 

totall of 75 (21%) patients were excluded for the following reasons: 40 Patients died 

withoutt a previous clinical suspicion of VTE. In 25 of these patients the diagnosis of 

VTEE was revealed at autopsy, and in the remaining 15 patients the diagnosis was 

basedd on clinical symptoms at the time of death. Twenty patients received 

thrombolyticc therapy, low molecular weight heparin, oral anticoagulants only or no 

treatment.. The remaining 15 patients were excluded because missing information 

precludedd adequate evaluation. Therefore, 280 patients were available for analysis, 

1277 in the pre-nomogram period and 153 in the nomogram period. In 26 of the 153 

patientss in the nomogram group heparin treatment was initiated before a pre-treatment 

APTTT was obtained. This excluded the use of the nomogram and therefore the dose 

adjustmentss made in this group are analysed separately. The patient characteristics of 

thesee 26 patients are comparable to the remaining 127 patients in the nomogram 

group.. The baseline characteristics of the study groups are summarised in Table 2. 

91 1 



ChapterChapter 7 

nomogram m 

pre-nomogram m 

00 12 24 36 48 60 72 

Time,, h 

FigureFigure 1 Cumulative percentage of patients exceeding the predefined therapeutic 

activatedd partial thromboplastin time (APTT) threshold for pre-nomogram 

(( APTT > 60 sec ) and nomogram (_ APTT ratio > 1.5 ) groups. 

InitialInitial Heparin Dose and First APTT Response 

Inn the pre-nomogram group the initial heparin dose was 5000 IU bolus for all 

patientss with a subsequent continuous infusion rate of 24070  3576 IU per 24 h 

(meann  SD). A subtherapeutic APTT response, measured 6 hours after initiation of 

therapyy was observed in 91 of 127 (72%) patients. In the nomogram group 84% 

startedd with the recommended weight-based bolus and infusion. Therapy was started 

withh a mean bolus of 5400  900 IU and an infusion rate of 28.800  2.800 IU per 24 

h.. This resulted in 17 of the 127 (13%) patients having a subtherapeutic APTT 

responsee at 6 hours, 81 (64%) were in the target range and in the remaining 29 (23%) 

thee APTT exceeded a ratio of 2.5 . In the 26 patients without pre-treatment test the 

APTTT was below 42 sec (1.5 x mean APTT) in 15%. 

APTTAPTT Responses during Therapy 

AA total of 883 and 1043 heparin treatment days could be analysed in the pre-

nomogramm and nomogram group respectively. The median time required to exceed 
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thee lower therapeutic threshold was 20 h (range 6-208h) in the pre-nomogram, 

whereass it took 6 h (6-80 h) to reach this target range in the nomogram group (Figure 

1). . 

Inn the pre-nomogram period 65% (631) of all APTT test results (971) were outside 

thee target range. In 5 1 % of these situations no adjustments were made, whereas 

whenn a dose adjustment was made this resulted in a subsequent APTT within the 

targett range in 32% of these cases. Figure 2 shows the distribution of morning APTT 

ratio'ss during the first 7 days in the nomogram group. Subtherapeutic APTT's (ratio 

beloww 1.5) and excessively prolonged APTT's (ratio above 3.7) were revealed in a 

minorityy of the APTT results. In 58% of all APTT results the physician responded 

accordingg to the nomogram. The subsequent APTT was in the target range in 64% of 

thee cases compared to 3 1 % if the adjustment was not performed according to the 

nomogramm (P<.0001). 

Ann excessively prolonged APTT ratio (>3.7) was measured at least once on 7% of 

alll heparin treatment days in the nomogram group, compared with an APTT of more 

thann 120 sec (corresponding to a similar ratio) in 17% in the pre-nomogram group. 

MajorMajor Bleeding and Death 

Thee rates of clinically significant bleeding and death were studied in all pre-

nomogramm and nomogram patients (including the 26 patients without a pre-treatment 

APTT)) covering the complete hospital stay. In the pre-nomogram group 4 (3.1%) (95% 

CII 0.1 - 6.2%) major bleeding episodes occurred in 127 patients with a fatal outcome 

inn one patient, versus one (0.7%) (95% CI 0.0 - 2.6%) non-fatal bleeding episode in 

1533 patients during the nomogram period (Table 3). Only one patient (no.2, Table 3) 

hadd an excessively prolonged APTT (185 sec). In the nomogram group, a severely 

prolongedd INR prior to the bleeding episode seems predominantly responsible for the 

bleedingg tendency of the patient (no.5). 

Deathh during hospital stay occurred in 20 patients, 14 patients in the pre-nomogram 

andd 6 patients in the nomogram group. Autopsy revealed massive pulmonary 

embolismm in two patients in the pre-nomogram group and in two patients in the 

nomogramm period. In 3 of 11 patients in the pre-nomogram group without autopsy and 

inn 2 out of 4 patients without autopsy in the nomogram period, progression of 

pulmonaryy embolism was considered the cause of death according to the physician in 

chargee of those patients. 
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TableTable 3 Major bleeding episodes during heparin therapy 

no.. age (y) APTT (sec) 

PrenomogramPrenomogram group 

1.. 80 

2.. 64 

3.. 72 

4.. 77 

NomogramNomogram group 

5.. 77 

62 2 

185 5 

82 2 

110 0 

102 2 

N.A.. = not applicable 

INRR ratio 

9.6 6 

5.7 7 

N.A. . 

N.A. . 

18.2 2 

medicall condition 

severee haemorrhagic esophagitis 

bleedingg from duodenal ulcer 

lowerr intestinal tract bleeding 

fatall haematemesis, metastasised pancreatic 

tumor r 

severee abdominal wall bleeding 

ICO O 

Da> > 

FigureFigure 2 Distribution of the morning APTT ratio's in the nomogram group 
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Discussion n 

Thiss study shows that in the period before the introduction of the nomogram, 

heparinn dosing was frequently inadequate. The introduction of the nomogram in 1992 

resultedd in several changes in heparin management which could account for the 

satisfactoryy results in achieving and maintaining therapeutic anticoagulation. 

First,, a standard heparin intravenous solution concentration of 60 IU/0.1 mL, made 

byy the pharmacist, was used. In the pre-nomogram period a new 24 hour solution was 

madee by the nurse each time a change in heparin dose was ordered. This may have 

increasedd the risk of incorrect dosing. 

Second,, the suggested heparin bolus and initial maintenance infusion rate were 

bodyy weight adjusted. This resulted in an average increase of the maintenance 

infusionn dose from 24070 (  3576) in the pre-nomogram period to 28.800 <  2800) 

U/244 h in the nomogram period. As a result only 13% of patients in the nomogram 

periodd had a subtherapeutic APTT response 6 hours after initiation of heparin therapy, 

withoutt an increase in excessively prolonged APTT's. 

Third,, the nomogram advised infusion rate changes based on the obtained APTT 

ratio's,, instead of empirical dosing by the individual physician. Although low rates of 

bothh insufficiently prolonged APTT ratio's and excessively prolonged APTT ratio's 

weree accomplished (Figure 2), a trend towards higher APTT ratio's is observed in the 

firstt 5 to 7 days of heparin therapy. This trend can be a result of a substantial 

percentagee (42%) of responses performed not according to the nomogram with a 

consequentlyy lower success rate (33% instead of 64%) or insufficient decreases of 

maintenancee infusion in the nomogram. The majority of rate adjustments not done 

accordingg to the nomogram were performed by a subgroup of senior and experienced 

physicians.. These physicians had the impression that consultation of the nomogram 

wass not necessary for them to achieve the therapeutic goals. It is obvious that the 

resultss of this study can be used to improve adherence to the nomogram. 

APTTT results are surrogate end-points in evaluating safety and efficacy of heparin 

therapyy in VTE. Because we did not measure heparin levels by protamine sulphate 

titrationn we cannot be sure that all patients having an adequate APTT ratio had indeed 

aa minimum heparin level of 0.2 U/mL. Clinically relevant bleeding episodes were 

infrequentt (Table 3) both before introduction of the nomogram (3.1%) and during the 

usee of the nomogram (0.7%). Because the comparability of bleeding risks in both 

groupss was not determined we are not allowed to analyse statistically this difference in 
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bleedingg rate. Autopsy revealed two patients in each study period with massive 

pulmonaryy embolism. For lack of sufficient number of autopsies, data considering the 

causee of death remain undetermined in many cases. The determination of the 

recurrencee rate of VTE after the initial hospitalisation period was not addressed in this 

study. . 

Althoughh the importance of exceeding the lower limit of the target range within 24-

488 hours has been strongly emphasised in order to prevent recurrent VTE (1,6,9), a 

recentt review could not confirm this association (10). For this review, studies were 

eligiblee only if the starting infusion rate of heparin was at least 30,000 IU per 24 h, 

whichh clearly results in a lower number of patients with initial subtherapeutic APTT's 

comparedd to the previously recommended starting dose of 25,000 IU per 24 h. Other 

studiess have evaluated even higher starting doses (40,000 IU per 24h) in patients 

withoutt an identifiable risk factor for bleeding, based on the concept that the risk of 

haemorrhagee is not linearly correlated with increasingly prolonged APTT's. This 

resultedd in a low number (10-15%) of patients with an initial subtherapeutic APTT 

withoutt an increase in bleeding (2 major bleedings in totally 82 treated patients) (5,8). 

Howeverr frequent APTT monitoring is required when employing such a high starting 

dose.. This is probably feasible in the course of a clinical trial but it remains to be 

determinedd if a similarly low bleeding rate can be accomplished in a day to day clinical 

setting. . 

Thee well known limitations of a retrospective study also apply to our study. 

However,, the fact that there was no ongoing prospective study analysing the effects of 

thee introduction of the nomogram may also have had an advantage. It might have 

resultedd in a better understanding of how physicians respond to the introduction of a 

nomogramm in a non-surveyed clinical setting. 

Ourr results in the nomogram period showed that both, the time needed to exceed 

thee therapeutic threshold (Figure 1) and the observed rates of APTT's outside the 

targett range (Figure 2), are fully comparable with the results found in the research 

studiess (5-8). The application of a heparin nomogram has previously been studied in 

twoo community hospitals (11,12). The results of Hollingsworth et al (11) were clearly 

lesss favourable than those derived from the clinical research settings (5-8). In fact, 

onlyy 30% of the patients reached a therapeutic APTT result after 24 hours heparin 

therapyy which increased to 60% after 48 hours, compared with 68%-90% and 90%-

100%% respectively in the research studies (5-8). Raschke et al (12) described the 
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effectivee implementation of a nomogram after having performed a randomised trial (6) 

att their institution. Familiarity with the nomogram could have had a positive effect on 

clinicianss willingness to use the nomogram. Furthermore, both previously described 

communityy hospital studies (11,12) differed from our study by excluding patients if 

VTEE was coded as a secondary diagnosis. 

Thee present study shows that the introduction of a heparin dosing nomogram in 

clinicall practice in a non-monitored research setting results in more adequate heparin 

anticoagulationn and low bleeding rates comparable with results from clinical trials (5-

8). . 
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