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B Objective: To determine whether an intravenous
heparin dosing nomogram based on body weight
achieves therapeutic anticoagulation more rapidly than
a "standard care' nomogram.

B Design: Randomized controlled trial,

B Setting: Two community teaching hospitals in Phoe-
nix, Arizona, and Rochester, New York.

B Participants: One hundred fifteen patients requiring
intravencus heparin treatment for venous or arterial
thromboembolism or for unstable angina.

B [Intervention: Patients were randomized to the
weight-based nomogram (starting dose, B0 units/kg
body weight bolus, 18 units/kg per hour infusion) or the
standard care nomogram (starting dose, 5000-unit bo-
lus, 1000 units per hour infusion). Activated partial
thromboplastin time (APTT) values were monitored ev-
ery & hours, and heparin dose adjustments were deter-
mined by the nomograms.

B Measurements: Activated partial thromboplastin
times were measured using a widely generalizable
laboratory method. The primary outcomes were the
time to exceed the therapeutic threshold (APTT = 1.5
times the control) and the time to achieve therapeutic
range (APTT, 1.5 to 2.3 times the control). Bleeding
complications and recurrent thromboembolism were
also compared.

B Results: Kaplan-Meler curves for the primary out-
comes favored the weight-based nomogram (P < 0.001
for both). In the weight-based heparin group, 60 of 62
patients (979%) exceeded the therapeutic threshold
within 24 hours, compared with 37 of 48 (77%) in the
standard care group (P < 0.002). Only one major bleed-
ing complication occurred (in a standard care patient).
Recurrent thromboembolism was more frequent in the
standard care group; relative risk, 5.0 (95% CI, 1.1 to
21.9).

B Conclusions: The weight-based heparin nomogram
is widely generalizable and has proved to be effective,
safe, and superior to one based on standard practice.
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Heparin therapy improves clinical outcomes in pa-
tients with thromboembolic disorders (1-4), but the de-
termination of appropriate heparin dosing is often prob-
lematic. Physicians’ dosing decisions vary widely, as do
their therapeutic goals (5). Practice audits reveal fre-
quent underdosing, with delays in achieving therapeutic
anticoagulation leading to suboptimal clinical outcomes
(6, 7).

Recent research offers hope that clarification of treat-
ment goals and specific dosing guidelines may improve
outcomes. Hull and colleagues (3) reported that rapidly
exceeding a *‘therapeutic threshold" (activated partial
thromboplastin time [APTT], 1.5 times the control) re-
duced the rate of recurrent thromboembolism from 23%
to 2%, a finding confirmed in other studies (4, 8-12). In
addition, a retrospective analysis suggested that an ini-
tial heparin infusion dose of 1000 units per hour is often
insufficient (13), and the most recent American College
of Chest Physicians Consensus Conference on An-
tithrombotic Therapy recommends an initial infusion of
at least 1250 units per hour (14, 15). Finally, dosing
nomograms—which specify heparin dose adjustments in
response to any given APTT level—have shown prom-
ising results (16, 17).

Despite these advances, uncertainties remain. Ran-
domized controlled studies have not compared higher
initial heparin doses with 1000 units per hour, and many
physicians continue to follow this clinical tradition (5).
Because the relation between bleeding complications
and ““excessive”™ APTT walues is controversial (3, 10,
16, 18-24), so is the optimal upper limit of the thera-
peutic range (5, 14, 25). For this reason, Hull and col-
leagues (14) and Hirsh (25) have recently de-emphasized
the value of the therapeutic range and have stressed the
need to minimize recurrent thromboembolism by rap-
idly exceeding the *‘therapeutic threshold.” Measured
against that standard, Hull's nomogram succeeded in
98% of patients; however, heparin infusions were rou-
tinely started at 1670 units per hour and nearly half of
the patients had excessive APTT levels that persisted
for 24 hours or more (16). The generalizability of this
nomogram is limited by its dependence on an APTT tesi
reagent that yields markedly prolonged APTTs com-
pared with reagents commonly used in the United
States (16, 17, 26, 27). (Activated partial thromboplastin
times wvary greatly depending on laboratory method
used [14-16, 25-27], analogous to the variability of pro-
thrombin times that prompted development of the In-
ternational Normalized Ratio.)

We agree with Hull and colleagues that heparin no-



Table 1. Standard Care Nomogram

Initial dose S000-unit bolus, then 1000 wh
APTT® <355 5000-unit bolus, then 200 u'h
APTT, 35 to 455 2500-unit bolus, then 100 u/h
APTT, 46 1o T0s Mo change

APTT, 71 1o %0 Decrease rate by 100 wh
APTT =90s Hold infusion 1 h, then

decrease rate by 200 u'h

* APTT = activated partial thromboplastin time.

mograms ‘‘relentlessly direct the heparin dosage and
drive the APTT into the therapeutic range'™ (16). We
hypothesized that a patient-specific nomogram, based
on total body weight (the single best predictor of indi-
vidual heparin requirements [28, 29]) would achieve
high success rates without the need for prescribing ex-
cessive heparin doses.

Our study, using the most generalizable APTT test
system in North America, compares the performance of
our weight-based heparin nomogram with another no-
mogram reflecting a prevalent standard of practice. Our
report is the first to describe a weight-based heparin
nomogram, the first to compare two nomograms pro-
spectively, and the first nomogram study to have easily
generalizable results.

Methods
Study Design

In a randomized controlled trial, we compared two nomo-
grams for intravenous heparin dosing in patients with venous
thromboembolism, unstable angina, or arterial thromboembo-
lism, During the first 48 hours of anticoagulation, the appro-
priate nomogram determined all dosing decisions (Tables 1, 2),
and warfarin was withheld. We defined two primary outcomes.
The first was the time elapsed between initiating heparin ther-
apy and surpassing the therapeutic threshold (APTT, 1.5 times
the control), considered the minimum acceptable level of anti-
coagulation. The second was the time elapsed before achieving
therapeutic range (APTT, 1.5 to 2.3 times the control), the
optimal goal for intravenous anticoagulation.

We did our study simultaneously at two community teaching
hospitals: a 700-bed regional referral center in Phoenix, Ari-
zona, and a 250-bed, inner-city hospital in Rochester, New
York. Both hospitals are major teaching affiliates of university
medical schools, and each maintains a large, accredited inter-
nal medicine residency program.

Patients

Patients admitted between May 1991 and January 1992 were
deemed eligible if they were to receive intravenous heparin for
one of the following indications: 1) pulmonary embolism, di-
agnosed clinically and confirmed by a high-probability lung
scan or pulmonary arteriography; 2) proximal deep vein throm-
bosis, confirmed by ascending venography, impedance pleth-
ysmography, or Doppler ultrasonography; 3) unstable angina,

Table 2. Weight-based Nomogram

diagnosed clinically by an attending cardiologist using the
Braunwald criteria (30); or 4] acute noncoronary arterial isch-
emia. Exclusion criteria included 1) anticoagulant or thrombo-
Iytic therapy in the previous 7 days, 2) active hemorrhage, 3)
acute major cerebral vascular event, 4) history of heparin-
induced thrombocytopenia, and 5) known allergy to heparin.

A power analysis revealed that a total study size of 100
patients would have %% power (with a type | error of 0.05) to
detect a 6-hour difference in the mean time needed to achieve
the primary outcomes,

The Nomograms

The **standard practice” nomogram (Table 1) was based on
the mode for each of the responses to a survey of 61 internists
at our hospitals regarding their usual practices of heparin ad-
ministration (5). The initial bolus and infusion doses were
identical to those recommended by the American College of
Chest Physicians at the time the study was done (13), and dose
adjustments in response to APTT results were similar 1o those
of subsequently published nomograms (16, 17).

We constructed the weight-based nomogram (Table 2) after
we reviewed the literature and did a preliminary dosing study.
Many reports have described bolus doses ranging from 50 to
150 units per kg body weight and infusion doses from 15 1o 25
units per kg per hour (8, 28, 29, 31-37). In one study, 78% of
patients achieved therapeutic goals rapidly after receiving a
bolus of 75 units per kg and an initial infusion of 17 units per
kg per hour (34). In our preliminary dosing study, the mean
dose of heparin required 1o achieve two consecutive therapeu-
tic APTT values in 24 patients with unstable angina was 17.3 =
4.0 umits per kg per hour (38), The initial heparin doses we
chose for our weight-based nomogram (bolus, 80 units per kg;
infusion, 18 units per kg per hour) supplied 511 units per kg
per day, consistent with reports that daily heparin require-
ments in venous thromboembolism range from 480 to 600 units
per kg (7, 39, 40). Subsequent infusion adjustments in the
nomogram were designed to minimize delay in attaining the
therapeutic range. All doses in the weight-based nomogram
were calculated based on actual body weight rather than ideal
weight.

Intervention

After informed consent was obtained, patients were random-
ized 1o one of the two nomograms, and preprinted orders for
implementation of the appropriate nomogram were charned.
Staff nurses, who were not blinded, weighed each patient,
calculated doses, and adjusted the infusion rate accordingly.
Although the nurses could not influence the results of APTT
measurements, several indices of nomogram implementation
were monitored to detect any unintended co-interventions.

Patients randomized to standard heparin therapy received a
3000-unit bolus of intravenous heparin followed by an infusion
dose of 1000 units per hour. Patients in the weight-based he-
parin group received an intravenous bolus of B0 units per kg,
followed by an infusion dose of 18 units per kg per hour. At
both hospitals, heparin sodium (pork derived, Schein Pharma-
ceuticals Inc.; Mew York, Mew York) was diluted in 5% dex-
trose solution and administered with infusion pumps.

“Sat”" APTT levels were drawn every 6 hours. (This inter-
val approximates four hall-lives of heparin, the time required
to achieve steady-state kinetics.) When the staff wrses re-
ceived the APTT results, they consulted the nomogr o and
adjusted the heparin dose. No adjustments were made if blood

Initial dose

APTT* <355 (=1.2 » control)

APTT, 35 to 455 (1.2 to 1.5 = control)
APTT, 46 to T0s (1.5 10 2.3 = control)
APTT, 71 to %s (2.3 to 3 = control)
APTT =%0s (=3 = control)

&0 wkg bolus, then 18 uwkeg - h

&0 wke bolus, then 4 uwkg - h

40 wkg bolus, then 2 ukg - h

Mo change

Decrease infusion rate by 2 u/ke - h

Hold infusion 1 hour, then decrease infusion rate by 3u/kg - h

* APTT = activated partial thromboplastin time.
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Table 3. Patient Characteristics

Characteristic

Nomogram P Value
Standard  Weight-

based

Mumber of patients, n 53 6

Mean age, v 61.3 57.6 =0.2
Mean weight, kg 6.9 80.9 0.2
Men, % 46 449 =02
Smokers, % 25 6 =0.2
Venous thromboembolism, % 75 73 =0.2
Clotting tendency, % 46 13 018
Bleeding tendency, % 21 B 0.6

for the APTT was drawn less than 4 hours after the last
heparin dose adjustment was made.

Measurements

All blood specimens for APTT were collected in siliconized
Vacutainer tubes (Bectin-Dickinson Company; Rutherford,
Mew Jersey) containing buffered citrate. Both our hospital lab-
oratories use plain Dade actin thromboplastin (Baxter Health-
care Corporation, Dade Division; Miami, Florida) and auto-
mated coagulation systems (MLA Electra 700 and 1000 series,
Medical Laboratory Avtomation Inc.; Pleasantville, MNew
York) to determine APTT wvalues. The correlation coefficient
for APTTs performed with plain Dade actin thromboplastin on
these two automated systems, using mean values reported for
all plasma samples in the 1992 College of American Patholo-
gists’ data (27), is 0.999. The normal range for APTT (mean
APTT % 2 SD in patients having no known coagulopathy and
not receiving anticoagulants) at both hospitals was 20 to 30
seconds. In the absence of published consensus regarding the
definition of control APTT, we used the upper limit of the
normal range (30 seconds) as our “‘control APTT™ in all pa-
tients, assuming that 97.5% of patients’ individual APTT con-
trol values would be 30 seconds or less.

The primary outcome variables were elapsed time from ini-
tiation of heparin therapy until achievement of the two primary
outcomes: an APTT wvalue exceeding the “*therapeutic thresh-
old’" of 45 seconds (1.5 times the control AFTT) and an APTT
within the “*therapeutic range™ of 46 to T0 seconds (1.5 10 2.3
times the control APTT). This therapeutic range is consistent
with others published (2, 7, 10, 13, 16, 25) and correlates with
heparin levels of 0.38 to (L57 by anti-factor Xa activity (per-
formed at the University of Oklahoma Thrombosis and Anti-
coagulation Laboratory).

Clinical information recorded for each patient included
weight, age, sex, race, smoking history, and diagnosis requir-
ing heparin therapy. **Clotting tendency”” was defined by a
concurrent diagnosis of cancer or history of previous throm-
boembolism or disorder associated with thromboembolism
(such as the antiphospholipid antibody syndrome). “*Bleeding
tendency™ was defined by history of surgery or a stroke within
the last 14 days, peptic ulcer disease, gastrointestinal or geni-
tourinary hemorrhage, or platelet count <150 = 10°L (16).

In addition, the following four measures of nomogram im-
plementation integrity were documented: 1) interval between
diagnosis and initiation of heparin, 2) interval between phle-
botomy for APTT measurements and subsequent heparin dose
adjustment, 3) the number of APTTs per patient during the
initial 48 hours, and 4) the nomogram error rate (for example,
the failure to adjust the heparin infusion rate when indicated).

After the study was completed, blinded researchers re-
viewed portions of each patient’s hospital charts that did not
identify treatment assignment to ascertain in-hospital compli-
cations. Heparin-induced thrombocytopenia was defined as a
decrease in platelet count to less than 100 x 10%L. A major
hemorrhage was defined as overt bleeding with one of the
following criteria: a decrease in hemoglobin of more than 20 g
per L; transfusion of two or more units of blood; or location of
the hemorrhage in the retroperitoneum, cranium, of a pros-

thetic joint. Minor hemorrhages were defined as overt bleeding
that did not meet any of the preceding criteria (16).

Blinded researchers followed all patients heparinized for ve-
nous thromboembolism by review of inpatient and outpatient
medical records and by phone interviews to identify owvert
thromboembolic recurrences for 3 months after study partici-
pation. Recurrent venous thromboembolic events were defined
as deep venous thromboses (confirmed as new events by
venography or Doppler ultrasonography) or pulmonary emboli
{confirmed as new events by ventilation-perfusion lung scan or

pulmonary angiography).
Statistical Analyses

All continuous variables were compared wsing the Student
t-test and all discrete variables with the Fischer exact test.
These analyses and the multiple linear regression were per-
formed using SYSTAT 5.1 (Systat Inc.; Ewanston, lllinois).
Multiple logistic regression was performed using the PROC
LOGISTIC program, time-to-event analyses (with log-rank
tests) using the PROC LIFETEST program, and Cox propor-
tional hazards models using the PROC PHLGM program (SAS
Institute, Inc.; Cary, Morth Carolina).

Results
Patients

Among 121 eligible patients, three were unwilling and
three were unable to provide informed consent. Of 115
randomized patients, 100 received heparin for at least
48 hours. Heparin was discontinued in six patients be-
fore 48 hours when unstable angina resolved, in four
patients whose initial diagnosis of deep venous throm-
bosis was later ruled out, in three patients who had
adverse cvents, and in one patient whose peripheral
arterial ischemia resolved. One patient was removed
from the standard protocol at 23 hours by an attending
physician because *‘it isn’t working.” These 15 patients
were included in both time-to-event analyses.

Of the 115 patients randomized, 85 had deep venous
thrombosis or pulmonary embolus, 26 had unstable an-
gina, 2 had acute peripheral arterial ischemia, and 2 had
crescendo transient ischemic attacks. Sixty-two (55% at
each site) were randomized to the weight-based nomo-
gram and 53 to the standard care nomogram. The base-
line characteristics of the patients in the two groups
were similar (Table 3). The higher prevalence of bleed-
ing tendency in patients in the standard care group was
caused by a disproportionate number of patients with a
history of peptic ulcer disease at one hospital.

Primary Outcomes

The success of the nomograms was compared using
time-to-event analysis (Figures 1, 2). The weight-based
nomogram achieved both primary outcomes, APTT ex-
cecding the therapeutic threshold and APTT within the
therapeutic range, more rapidly than did the standard
care nomogram (P < 0.001 for both). The mean time
required to exceed the therapeutic threshold was 8.2
hours in the weight-based group and 20.2 hours in the
standard-care group (P < 0.001). The therapeutic
threshold was achieved in 86% of the patients in the
weight-based group on the first APTT drawn during
therapy (compared with 32% in the standard care group,
P < 0.001). By 24 hours, the proportion exceeding the
therapeutic threshold was 97% in the weight-based
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Figure 1. Kaplan-Meier curve for the heparin therapeutic
threshold. The weight-based nomogram achieved an activated
partial thromboplastin time above the therapeutic threshold
more rapidly (P < 0.001). APTT = activated partial thrombo-
plastin time.

group and 77% in the control group (P = 0.002) (Table
4).

The mean duration before reaching an APTT walue
within the therapeutic range was 14.1 hours in the
weight-based group and 22.3 hours in the standard care
group (P = 0.003); 89% of the patients in the weight-
based group achieved this goal within 24 hours com-
pared with 75% in the standard care group (P = 0.08).

Subgroup time-to-event analyses were planned a pri-
ori. In 85 patients with venous thromboembolism, those
treated with the weight-based nomogram exceeded the
therapeutic threshold and achieved the therapeutic
range more rapidly (P < 0L001 and P = 0.003, respec-
tively). Among 30 patients with unstable angina and
arterial thromboembolism, results were consistent (ex-
ceeded therapeutic threshold, P = 0.003; time to reach
therapeutic range, P = 0.04).

Complications and Recurrences

During the index hospitalization, four minor bleeding
complications (two in each group) and one major hem-
orrhage occurred (retroperitoneal bleeding in a patient
in the standard care group) (Table 4). One patient in the
standard care group developed heparin-induced throm-
bocytopenia.

Long-term follow-up was attempted in the 80 patients
with the discharge diagnosis of venous thromboembo-
lism. Three of 35 patients in the standard care group
and 4 of 45 patients in the weight-based group were lost
to follow-up (5 moved and 2 died of metastatic cancer).
In the weight-based group, 2 of 41 (5%) had recurrences
(both deep venous thromboses) compared with 8 of 32
(25%) in the standard care group (3, pulmonary emboli
and 5, deep venous thromboses), yielding a relative risk
of 5.0 (95% CI, 1.1 to 21.9; P = 0.02). Two of the eight
recurrences in the standard care group occurred in pa-
tients who were no longer receiving warfarin. Exclusion
of these two recurrences reduced the relative risk 1o 4.0
(CI, 0.9 to 18.5; P = 0.06).
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Nomogram Performance and Implementation

Patients treated with the weight-based nomogram had
a significantly greater proportion of APTTs within the
therapeutic range and exceeding the therapeutic thresh-
old (P < 0.001 for both comparisons; Table 5). The
weight-based nomogram group also had a higher pro-
portion of APTTs above 2.3 times the control, but no
patient in either group had APTTs above the therapeu-
tic range for 24 hours or more. Fewer infusion adjust-
ments were required in the weight-based group to main-
tain APTTs within the therapeutic range (2.67 compared
with 3.96 adjustments; P < 0.001). Adjustments for sub-
therapeutic APTTs were more often successful in the
weight-based nomogram than in the control nomogram
(74% compared with 52%; P = 0.003).

The groups did not differ statistically in any measure
of nomogram integrity. The mean delay between diag-
nosis and initiation of heparin therapy was 4.9 hours in
the standard care group and 5.8 hours in the weight-
based group (P = 0.2). A mean of 7.0 and 6.9 APTT
tests were done during the study period in the two
groups. The nomogram error rate was 4.2% in the stan-
dard care group and 5.5% in the weight-based group
(P = 0.2). The mean response time (between phlebot-
omy for APTT and actual dose adjustments) was 1.6
and 1.7 hours, respectively (P > 0.2).

We were able to determine the steady-state heparin
requirement for 102 patients (defined as that dose asso-
ciated with the greatest number of therapeutic APTT
values, at least two of which were consecutive). The
mean heparin requirement was 1343 units per hour
{range, 520 to 3800 units; SD, 457 units). When simple
linear regression was used, the correlation coefficient
berween body weight and steady-state heparin require-
ment was 0.54 (F < 0.001), indicating that approxi-
mately 30% of the variation in heparin requirements is
explained by differences in body weight. Older patients
tended to require less heparin, and when age was added
to the regression model, the multiple correlation coeffi-
cient increased to 0.62. When additional wvariables, in-
cluding sex, cancer, prothrombotic states, venous com-
pared with arterial thromboembolism, and presence of
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Figure 2. Kaplan-Meier curve for the therapeutic range of hep-
arin. The weight-based nomogram achieved an activated par-
tial thromboplastin time within the therapeutic range (1.5 to 2.3
times the control) more rapidly (P = 0.001). APTT = activated
partial thromboplastin time.
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Table 4. Comparison of Selected Outcomes

Nomogram F Value
Standard Weight-based

First APTT® on therapy >1.5 times control, % 3z 86 <0.001
APTT =1.5 times control within 24 hours, 77 97 0.002
APTT in therapeutic range within 24 hours, % 75 B9 0.08
Bleeding episodes, n of n

Minor 2 of 52 2 of 63 1.0

Major 1 of 52 ] 0.45
Recurrent venous thromboembolism, n of n (%) & of 32 (25) 2of 41 (5) 0.02

* APTT = activated partial thromboplastin time.

pulmonary embolus, were entered in a stepwise fashion
none statistically altered heparin requirements.

Nine patients treated with the weight-based nomo-
gram weighed more than 100 kg (101 to 131 kg). Despite
the fact that the initial heparin infusion rates calculated
for these patients ranged as high as 2350 units per hour,
all nine achieved an APTT within the therapeutic range
in 24 hours, and APTTs above the therapeutic range
within the initial 48 hours of treatment were no more
frequent than in patients who weighed less than 100 kg
(1.38 compared with 1.4; P > 0.2).

The relative risk for recurrent thromboembolism in
patients who failed to exceed the therapeutic threshold
within 24 hours was 1.4 (P > 0.2) and in those who
failed 1o exceed the threshold by 48 hours it was 4.5
(P = 0.08). Forced-entry multiple logistic regression
showed that neither heparin requirement, age, sex,
smoking history, cancer, previous deep venous throm-
bosis, nor the presence of pulmonary embolus ex-
plained thromboembolic recurrence (the P values for
each of these variables was >0.2).

We carcfully examined the possibility that the supe-
rior performance of the weight-based nomogram was
simply caused by higher initial heparin infusion doses
(mean, 1440 units per hour). First, the effect of the
initial heparin infusion dose in absolute units and in
units per body weight were examined using Cox pro-
portional-hazards models for each of the two time-to-
event outcomes (time to exceed the therapeutic thresh-
old and time to achieve an APTT in the therapeutic
range). Inmitial heparin dose per kilogram body weight
was a highly significant predictor of success (P < 0.001
and P = 0.006, respectively), despite adjustment for
absolute differences in initial heparin doses.

We also found that among paticnts in the weight-
based group, success did not depend on whether they
had received initial heparin infusion doses of 1250 units
per hour. Twenty-one of the 22 patients who received
initial doses less than 1250 units per hour exceeded the
therapeutic threshold within 24 hours compared with 40
of 41 patients who received at least 1250 units per hour
(P = 0.2). Thus, no advantage was apparent in initially
receiving a larger heparin dose, so long as that dose
was appropriate given the patient’s body weight. Fur-
ther, although all patients in the standard-care group
initially received 1000 units per hour, the “‘unsuccess-
fully”* anticoagulated patients in this group actually re-
ceived lower initial heparin doses in units per kg body
weight (11.9 compared with 14.7 units; P = 0.008), be-
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cause their mean weight was 14 kg greater (87 com-
pared with 73 kg, P = 0.01).

Overall, 54 of 115 patients in our study (47%) re-
ceived less than 30 000 units of heparin in the first 24
hours (<1250 units per hour) after the initial bolus, yet
all but one exceeded the therapeutic threshold within 24
hours. The mean weight in this group was 16 kg less
than that of other patients (P = 0.04); therefore, al-
though they received what some would consider insuf-
ficient doses of heparin, the initial dose on a per-weight
basis was adequate (mean, 16.2 units per kg per hour).
These analyses all suggest that initial heparin dose in
units per kilogram body weight is a more powerful
predictor of success than any of the absolute measures
of the initial heparin dose.

Discussion

Our study showed that the weight-based heparin no-
mogram is effective, safe, and superior to one based on
a prevalent standard of practice. This new nomogram
individualizes heparin doses by patient weight and
thereby rapidly achieves therapeutic goals while avoid-
ing prolonged periods of excessive anticoagulation. It
performs well when implemented by staff nurses in
community hospitals and it was developed using an
APTT assay that allows wide generalizability. We pro-
pose that the weight-based nomogram be considered for
adoption as the current standard of practice for hospi-
talized patients requiring intravenous heparin.

We agree with Hull and colleagues, Cruickshank and
colleagues, and others that the use of a heparin nomo-
gram has advantages over intuitive dosing practices (16,
17). Our own “standard nomogram” rapidly exceeded

Table 5. Proportion of Activated Partial Thromboplastin
Time Values within Clinically Relevant Ranges

Time MNomogram P Value
Standard  Weight-
based
Within first 24 hours, %
Within therapeutic range 35 57 =0.001
Subtherapeutic 58 15 <0.001
Above therapeutic range 7 27 <0.001
Within first 48 hours, %
Within therapeutic range 44 65 <0.001
Subtherapeutic 49 18 <0.001
Above therapeutic range ] 18 <0.001
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the therapeutic threshold in three quarters of our con-
trol patients, a performance comparable to that of
Cruickshank and colleagues’ nomogram (17), and far
superior to practice audits and historical controls cited
in other studies (6, 7, 29).

We believe there are two main reasons for the supe-
rior performance of the weight-based nomogram. First,
it calculates patient-specific heparin doses that approx-
imate the optimum dose for each individual. The
weight-based nomogram prescribed initial doses closer
to eventual heparin requirements, drove subtherapeutic
APTT results above the therapeutic threshold more rap-
idly, and required fewer dose adjustments to maintain
APTT walues within the therapeutic range. Our results
confirm that body weight is the best single predictor of
individual heparin requirements. Second, although it
was consistent with the concurrent recommendations of
the American College of Chest Physicians (13), the
“standard-care”” nomogram used an initial heparin infu-
sion dose now known to be insufficient. Nevertheless,
an exhaustive analysis of our data showed that the
success of the weight-based nomogram cannot be attrib-
uted to the fact that it used larger initial heparin doses.
The dominant predictor of success was the administra-
tion of a heparin dose appropriate for the individual
patient’s body weight.

We believe that rapidly exceeding the therapeutic
threshold to minimize recurrent thromboembolism is the
primary goal of intravenous anticoagulation, but it is
also prudent to avoid excessive anticoagulation. Hull
and colleagues’ nomogram exceeded the therapeutic
threshold in 98% of patients within 24 hours by using
large initial heparin doses, but 47% of their patients had
APTTs persisting above the therapeutic range for 24 or
more conseculive hours (16). Major bleeding complica-
tions occurred in 6.5% (16 of 199) of their patients,
consistent with the 5.2% rate in a recent meta-analysis
(41). By contrast, the success of our weight-based no-
mogram was equivalent to that reported by Hull and
colleagues, but none of our patients had APTTs above
the therapeutic range persisting for 24 hours, and none
had a major hemorrhage. The boundaries of the thera-
peutic range in our study correlated with anti-factor Xa
levels of (.38 1o 0.57 units per mL, narrower than the
standard range (0.35 to 0.70 units per mL; [25]): there-
fore, our low bleeding rate may reflect ““tight control™
of anticoagulation.

This argument assumes a relationship between APTT
levels above the therapeutic range and hemorrhagic
complications: a controversial issue. Bleeding is related
to the dose of heparin administered and to various mea-
surcs of heparin activity such as the whole blood clot-
ting time (19-22, 42), so it seems logical that it should
also be related 1o excessive APTT wvalues. Although
several studies have shown an increased risk for hem-
orrhage in patients with excessively prolonged APTTs
(3, 23, 24), others have not (10, 16, 18). Because the
danger of cxcessive prolongation of APTTs remains un-
certain, it is almost universally recommended that hep-
arin therapy be titrated to maintain APTTs within a
therapeutic range rather than simply to exceed a thera-
peutic threshold (13, 14, 16,17, 25). This task appears to
be straightforward using the weight-based nomogram.
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Generalizability is a critical factor in the clinical util-
ity of any heparin nomogram. Both previously pub-
lished nomograms measured APTT values with a highly
sensitive thromboplastin reagent, used by less than 10%
of U.S. hospitals and yielding APTTs up to 18.6 sec-
onds longer than more commonly used reagents (27). In
our study, the most common reagent in the United
States (plain Dade actin) was used to measure APTT on
the most widely used automated anticoagulation sys-
tems. This analytic technique has intermediate sensitiv-
ity; more than 80% of the institutions participating in
the 1992 College of American Pathologisis survey use
test systems yielding APTT results within 5 seconds of
those used in our nomogram (27). Thus, institutions
using plain Dade Actin, Dade-Actin, Dade-Actin FSL,
or IL Test APTT reagents, or those whose mean con-
trol APTT is under 30 seconds, can currently use the
APTT ranges in our nomogram without making adjust-
ments.

Other institutions may need to customize the nomo-
gram's APTT ranges for local use in one of two ways.
Activated partial thromboplastin time values may be
standardized by comparing them with other measures of
heparin activity (anti-factor Xa activity or protamine
titration) (17). This method is accurate but imprecise
because of wide interpatient variation in the correlation
between these tests (28, 43). A more practical but less
accurate alternative involves the use of APTT ratios
{actual APTT/control APTT), as shown in Table 2 (13).
Unfortunately, a system analogous to the International
Normalized Ratio is currently unavailable for standard-
izing APTT results.

Owur study has several potential limitations. First, the
nurses who implemented the nomograms werc not
blinded; however, they could not influence the primary
outcome measurements, and monitoring of all steps in
nomogram implementation show no unintended co-in-
tervention. Second, some may question the design of
our standard nomogram. It is difficult to model the
standard of practice in heparin management; however,
we feel the standard care nomogram probably overesti-
mated the typical quality of care. Iis performance is
superior to that described in previous audits of intrave-
nous anticoagulation and in the historical controls used
in other studies (6, 7, 17, 29). Third, our study did not
address the effect of simultaneous warfarin administra-
tion on nomogram performance; Hull and colleagues’
previous study addressed this issue (16).

Recurrent thromboembolism occurred significantly
more frequently among standard care group patients,
but we cannot attribute this finding solely to differences
in nomogram performance. The recurrence rate in our
standard care group (25%) is higher than that reported
by others (3, 44-46), and we did not monitor the ade-
quacy of outpatient anticoagulation. Two patients in the
standard care group with recurrences had discontinued
warfarin prematurely; these outcomes cannot be attrib-
uted to initial heparin management.

Mevertheless, the 5% recurrence rate observed in the
patients in our weight-based heparin group compares
favorably with results from other studies (3, 44-46).
The only clinical factor we identified that predicted
recurrence was failure to exceed the therapeutic thresh-
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Heparin Order Sheet
{All blanks must be filled in by physician)

1. Make calculations using total body weight: ___ kg.
2. BOLUS HEPARIN, 80 units’kg = units 1V
3. IV HEPARIN infusion, 18 units/kg . h = units/h (20 000 units heparin in 500 mL of D5W,

40 units per mL)
4. WARFARIN ____ mg. PO OD to start on second day of heparin
5. LABORATORY: APTT, PT, CBC now

CBC with platelet count Q 3 days

STAT APTT 6 hours after heparin bolus

PT Q day (start on third day of heparin)
6. ADJUST heparin infusion based on sliding scale below:

PTT<35 80 unit/kg bolus = units

increase drip 4 unitskg - h = unitsh
PTT 35 to 45 40 unit'kg bolus = units

increase drip 2 units’kg - h = units/h
PTT 46 1o 70 Mo change
PTT 71 to 90 reduce drip 2 units’kg - h = units/h
PTT=90 hold heparin for 1 h,

reduce drip 3 units’kg - h = unitsh

drip as needed) every 24 hours.

per hour).

Signed:

7. Order a PTT 6 hours after any dosage change, adjusting heparin infusion by the sliding scale until PTT is
therapeutic (46 to 70 seconds). When 2 consecutive PTTs are therapeutic, order PTT (and re-adjust heparin

Please make changes as prompily as possible and round off doses to the nearest mL/h (nearest 40 units

Date:

Figure 3. A sample weight-based heparin order sheet. APTT = activated partial thromboplastin time.

old within 48 hours, a finding consistent with the pre-
vious observations by Hull and colleagues and by Basu
and associates (3, 10). These findings raise an intriguing
question. Why should the first 48 hours of heparin ther-
apy influence recurrences weeks or months later? We
tested the alternative hypothesis—that patients destined
to suffer recurrence were ““heparin resistant™ to begin
with—and found that the steady-state heparin require-
ment did not differ among patients with and without
recurrence (1357 compared with 1332 units per hour;
P = 0.2). We agree with Hull, Hirsh, and others that
rapid attainment of therapeutic APTT does indeed affect
the risk for recurrent thromboembolism. It has been
postulated that ““protection” of clot-bound thrombin
from heparin-antithrombin IIl complexes may play a
role in this phenomenon (47, 48).

On the basis of the performance of the weight-based
nomogram, our hospitals are considering its adoption as
the standard of practice. The preprinted order sheet
proposed to implement the nomogram is shown in Fig-
ure 3.

Our study may also have implications for assessment

of new antithrombotic therapies. Several recent reports
have compared subcutancous low-molecular-weight he-
parin to unfractionated intravenous heparin (41, 42, 44,
49, 50). Our study results suggest that refining and stan-
dardizing the use of unfractionated intravenous heparin
may improve its efficacy and safety. Until clearly supe-
rior alternatives are widely available, we advocate the
use of this weight-based nomogram for intravenous he-
parin dosing.
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