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Background: Numerous tests are available to assess patient risk
for bleeding or thrombosis. Appropriate use of these tests must
involve consideration of the clinical setting, disease prevalence,
performance characteristics of the tests, cost, and consequences of
false-positive and false-negative results.

Purpose: To summarize information about coagulation testing in
three common clinical settings: nonsurgical hospitalized patients,
surgical patients, and patients having a first venous thromboem-
bolic event.

Data Sources: All English-language studies identified in
searches of MEDLINE (1966 to April 2002) and reference lists of
key articles.

Study Selection: All published studies of blood coagulation
testing as routine diagnostic tests or in the preoperative care of
patients reporting postoperative bleeding complications, and all
published studies of patients with the factor V Leiden mutation
reporting venous thromboembolic outcomes.

Data Extraction: 5 observational studies of routine coagulation
testing in nonsurgical hospitalized patients and 12 observational
studies of preoperative coagulation testing, from which both sen-
sitivity and specificity could be calculated.

Data Synthesis: Test performance characteristics for the partial
thromboplastin time in predicting postoperative hemorrhage were
pooled by type of surgery. Likelihood ratios for positive and neg-
ative results were calculated for each group; 95% confidence
intervals were calculated. Patients with prolonged partial throm-
boplastin times did not have a statistically significantly increased
risk for postoperative complications.

Conclusion: For nonsurgical and surgical patients without syn-
thetic liver dysfunction or a history of oral anticoagulant use,
routine testing has no benefit in assessment of bleeding risk.
Routine testing after a first episode of venous thromboembolism
is not recommended for most patients.
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In this article, we review the laboratory tests used to
screen patients for bleeding or thrombosis, their sensitiv-

ity and specificity, prevalence of bleeding disorders or
thrombophilia in several clinical settings, and studies eval-
uating the clinical utility and economic effects of such test-
ing. We add to past reviews on this topic by updating the
literature review and by examining the utility of testing
from a Bayesian perspective, using concepts of pretest
probabilities, likelihood ratios, and post-test probabilities
(for example, positive predictive value and negative predic-
tive value).

SCREENING FOR THE RISK FOR BLEEDING

Screening tests include the readily available prothrom-
bin time (PT), partial thromboplastin time (PTT), platelet
estimate or count, and template bleeding time. All but the
template bleeding time are highly reproducible, automated,
and inexpensive on an individual basis but are expensive in
the aggregate when routinely used to screen an unselected
population (1). Obtaining a detailed history is the most
important first step in determining whether testing is war-
ranted (2).

Nonsurgical Hospitalized Patients
PT and PTT

Patients hospitalized for nonsurgical diagnoses do not
benefit from routine admission testing of PT or PTT when
no evidence of synthetic liver dysfunction or history of oral
anticoagulant use exists (3–6). Although randomized trials
have not been done to assess the outcomes of hospitalized
nonsurgical patients for whom coagulation testing was
withheld, observational studies investigating the utility of

these tests have failed to show improvement in clinical
outcomes (5, 7, 8). Routine admission testing increases
both expense and likelihood of false-positive results, lead-
ing to unnecessary additional testing. In 1979, Robbins
and Rose (6) retrospectively analyzed abnormal results ob-
tained from more than 1000 PTT measurements. Approx-
imately 14% (143 patients) of the values were prolonged;
however, 82% of the patients had known risk factors for
bleeding (for example, known history of hemophilia, oral
anticoagulant use, or history of liver disease). More impor-
tant, the test did not alter clinical management for any of
the patients.

In a study of patients admitted to a Veterans Admin-
istration medical service for liver disease and bleeding dis-
orders, Eisenberg and Goldfarb (4) found that PT contrib-
uted little to information already obtained from the history
and physical examination. Only 2 of 107 patients who had
a PT screening test had abnormal results, whereas 41 of
121 patients who had a pertinent history or physical exam-
ination had prolonged PTs.

Erban and colleagues (9) evaluated ordering patterns
and clinical indications for PT and PTT in 375 patients
admitted to the medical service at the University of Penn-
sylvania, Philadelphia, Pennsylvania. Eighty-one percent of
patients had PT and PTT ordered. When the appropriate-
ness of test ordering compared with guidelines developed
by the Medical Necessity Project of the Blue Cross and
Blue Shield Associations of America (5) was evaluated, at
least 70% of testing was not clinically indicated. They also
found that test results had little impact on clinical care.
Using 1988 U.S. dollars, they estimated that the direct cost
per year attributable to inappropriate ordering of PTs and
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PTTs was more than $60 000 at their institution alone.
Although many physicians consider these tests to be inex-
pensive, small-ticket items, overuse in the aggregate can
generate substantial unnecessary medical costs.

Platelet Count

The performance of routine platelet counts in asymp-
tomatic nonsurgical patients also is not indicated and
proves to be expensive. As shown by Robbins and Mushlin
in 1979 (3), costs were more than $50 000 per patient
found to have asymptomatic thrombocytopenia. However,
platelet counts may be useful to follow treatment involving
certain medications. In a prospective study of more than
1100 consecutive patients with venous thromboembolism,
Monreal and coworkers (10) demonstrated that patients
who had heparin-induced bleeding had lower platelet
counts before treatment (mean [� SD], 227 � 112 �
109/L vs. 262 � 110 � 109/L; P � 0.01).

Monitoring platelet counts during heparin therapy is
also appropriate because of the possibility of heparin-
induced thrombocytopenia, which has an incidence of ap-
proximately 1% to 3% (11). In type I, thrombocytopenia
occurs during the first few days of heparin therapy. The
platelet count seldom decreases below 100 � 109/L and
often returns to normal despite continued heparin therapy.
In contrast, type II causes severe thrombocytopenia start-
ing approximately 5 to 15 days after initiation of heparin
therapy (12–14). Early detection of thrombocytopenia and
immediate discontinuation of heparin therapy are critical
in preventing or reducing the risk for potentially life-
threatening complications (15–18).

Surgical Patients
PT and PTT

The PT and PTT were originally designed and opti-
mized to detect deficiencies of coagulation factors, not to
assess clinical risk for hemorrhage (1). Normal ranges are
based on the general population and do not reflect values
of postsurgical patients without significant bleeding.
Equally important, the likelihood of a significant heredi-
tary deficiency of a coagulation factor in an unselected
patient population is small—approximately 17 per 100 000
men (factor VIII and factor IX deficiencies and von Wille-

brand disease) and 5 per 100 000 women (von Willebrand
disease) (5, 8, 19). The prevalence of an isolated congenital
deficiency of factor VII is even lower: 2 to 3 per 1 million
persons (20, 21). Acquired deficiencies of factor VII are
generally suspected in the presence of advanced hepatic
disease, malabsorption, or malnutrition.

One population that bears special mention, however,
are Ashkenazic Jews. These persons originate from eastern
Europe and make up about 80% of North American Jews.
The prevalence of heterozygous factor XI deficiency (an
autosomal dominant trait with incomplete penetrance) is
between 5.5% and 11%, whereas the prevalence of the
homozygous deficiency is between 0.1% and 0.3% in this
population (22–24). Three percent of Ashkenazic Jews
have sufficiently low factor levels to have abnormal hemo-
stasis, and about 1% actually do have excessive postopera-
tive bleeding (25). Unlike other inherited coagulation dis-
orders, factor XI deficiency often remains occult until
surgery, at which time bleeding can be severe (24, 25).
Furthermore, hemorrhage can be prevented by administer-
ing fresh frozen plasma before surgery. Nearly all factor
XI–deficient patients have prolonged PTTs (22). If a cut-
off point at the 80th percentile of the normal range of PTT
is used to identify patients at risk for bleeding (factor XI
level � 0.3 U/mL), only 4.4% of these cases will be missed
(confidence limits, 0.1% to 21%—that is, sensitivity of
95.6%) (22). Therefore, it may be reasonable to screen
Ashkenazic Jewish patients by using PTT. If results are
abnormal, the test should be repeated; if the results are still
abnormal, factor XI level should be measured.

When which patients to screen is being considered, it
is useful to stratify patient risk on the basis of known clin-
ical factors associated with perioperative bleeding. In 1983,
Rapaport (26) published a simple questionnaire to estimate
the risk for perioperative hemorrhage. In another study
that used data from all surgical patients admitted in 1981
to Strong Memorial Hospital in Rochester, New York,
Suchman and Mushlin (27) found the probability of post-
operative hemorrhage to be 0.22% in low-risk patients and
1.7% in high-risk patients. Patients were assigned to the
high-risk group if they had any of the following criteria:
known coagulopathy, potential factor deficiency (for exam-

Table 1. Preoperative Assessment of Bleeding Risk*

History
Excessive bruising, bleeding more than 3 minutes after brushing teeth,

nosebleeds, prolonged bleeding after cuts, severe or prolonged
menstrual periods

History of blood loss through the gastrointestinal or genitourinary tract
Severe bleeding after dental extraction, surgical operation, or childbirth
History of hemophilia or inherited familial hemorrhagic disorder
Personal history of liver disease, renal failure, hypersplenism, and

hematologic or collagen vascular disease
Current or recent use of medication that may interfere with hemostasis

Physical examination
Purpura, hematoma, jaundice, and signs of cirrhosis

* Data from reference 28.

Table 2. Risk for Bleeding Complications on the Basis of
Clinical History and Physical Examination

Study, Year (Reference) Low-Risk
Patients

High-Risk
Patients

Suchman and Mushlin, 1986 (27)
Total patients, n 11 334 1004
Postoperative hemorrhage, % 0.22 1.7

Houry et al., 1995 (28)
Total patients, n 2291 951
Death related to hemorrhage, % 0.13 0.21
Bruises, % 4.8 8.7
Hematomas, % 3.0 4.0
Reoperation to control hemorrhage, % 0.48 1.2
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ple, history of liver disease, malabsorption, or malnutri-
tion), trauma, or hemorrhage. In a prospective multicenter
study, Houry and colleagues (28) followed 3242 patients
scheduled for general surgical procedures in 17 centers in
France between 1988 and 1992. A questionnaire was used
to determine whether patients had any historical risk fac-
tors or physical examination findings for bleeding (Table
1). In 2291 patients without clinical findings suggestive of
an increased risk for bleeding (Table 2), 3 deaths were
related to hemorrhage (0.13%), while 109 patients had
bruises (4.8%) and 68 had hematomas (3.0%); 11 patients
required another operation to control hemorrhage (0.48%).
In 951 patients with at least 1 clinical risk factor, 2 deaths
were related to hemorrhage (0.21%), 83 patients had
bruises (8.7%), and 38 had hematomas (4.0%); 11 patients
required another procedure for hemorrhage control (1.2%).

After pretest probabilities of bleeding complications
have been established on the basis of clinical risk factors,
the next step is to note the post-test or posterior probabil-
ity of hemorrhage in patients with both normal and abnor-
mal test results. In their study of more than 2000 patients
who had preoperative coagulation testing, Suchman and
Mushlin (27) found that PTT had a sensitivity of 33% and
a specificity of 84% in predicting postoperative hemor-
rhage. As shown in Table 3, they next calculated sensitivity
and specificity in patients with and without prolonged
PTT. The likelihood ratio of a positive test result (true-
positive rate/false-positive rate) can be used to determine
the probability of disease given a positive test result (29). A
test result with a likelihood ratio of 1.0 provides no addi-
tional information to the pretest probability. Therefore, a
patient with a positive result is no more likely to have
disease than before the test was performed. In Suchman
and Mushlin’s study (30), the likelihood ratio among low-
risk patients was actually less than 1.0 (0.6 [95% CI, 0.16
to 2.3]). However, the 95% CI crosses 1.0, meaning that
elevated PTT does not reliably predict increased or de-
creased risk for hemorrhage. Coagulation studies in pa-
tients with a low clinical risk for postoperative hemorrhage
at best may be misleading and result in confusion and

further unnecessary testing. Among patients at high risk for
hemorrhage, the likelihood ratio is 1.8 (CI, 1.2 to 2.8).
The odds–likelihood formulation of Bayes rule (post-test
odds � prior odds � likelihood ratio) shows that the post-
test odds of hemorrhage in high-risk patients with elevated
PTT are still low (31:1000 [17:1000 � 1.81]). Among pa-
tients at high risk for hemorrhage, the likelihood ratio of a
negative test result (false-negative rate/true-negative rate) is
0.61 (CI, 0.34 to 1.1). If Bayes rule is applied, the post-test
odds of hemorrhage in a high-risk patient with a normal
PTT are 10:1000 (17:1000 � 0.61). As shown in this ex-
ample, PTT is not very useful as a screening test for post-
operative hemorrhage, even in “high-risk” patients, because
of low sensitivity, high false-positive rate, wide confidence
intervals around the likelihood ratios, and the low pretest
odds of postoperative hemorrhage.

Clinical studies confirm that PTT should not be used
as a screening test in asymptomatic patients (3, 4, 6). In
the study by Houry and coworkers (28), bleeding compli-
cations were similar in low-risk patients regardless of PTT;
0.15% (CI, 0% to 0.32%) of 1951 low-risk patients with
normal test results died of bleeding complications, whereas
none of the 340 low-risk patients with abnormal test re-
sults died of hemorrhagic complications. Along these lines,
among low-risk patients with normal test results, 4.6% had
bruises, 3.0% had hematomas, and 0.46% required an-
other operation to control hemorrhage. The corresponding
figures for low-risk patients with abnormal test results were
5.9%, 2.9%, and 0.59%. In a study of 101 patients requir-
ing abdominal or thyroid surgery, Eika and colleagues (31)
observed no correlation between preoperative screening
and postoperative bleeding. Rohrer and colleagues (32)
studied 514 screening tests in 282 patients before elective
general and vascular surgical procedures. Although 4.1% of
results were abnormal, no clinically significant coagulopa-
thies were identified. We compiled the test characteristics
of various combinations of coagulation studies stratified by
the type of procedure or surgery (7, 27, 28, 33–42). As
shown in Table 4, many of these studies had likelihood
ratios for positive results that were less than 1.0 and like-

Table 3. Test Characteristics of Partial Thromboplastin Time for Postoperative Hemorrhage*

Characteristic Definite Hemorrhage

Low-Risk Patients High-Risk Patients

Present Absent Present Absent

Partial thromboplastin time elevated, n 2 241 10 94
Partial thromboplastin time not elevated, n 23 1561 7 196

25 1802 17 290
Sensitivity, % 8.0 58.8
Specificity, % 86.6 67.6
Likelihood ratio for a positive test result

(95% CI)
0.60 (0.16–2.3) 1.81 (1.2–2.8)

Likelihood ratio for a negative test result
(95% CI)

1.06 (0.95–1.2) 0.61 (0.34–1.1)

* Data from reference (27); 95% CIs were calculated (30).
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lihood ratios for negative results that were greater than 1.0.
In addition, each of the studies examined different combi-
nations of tests, including PT, PTT, bleeding time, and
platelet count. We show pooled results for the studies that
examined PTT for each category of surgery. These results
should be interpreted cautiously because of heterogeneity
in study characteristics, testing panels, and definitions of
outcomes (that is, abnormal test results or hemorrhage).

In a study of coagulation testing as a predictor of an-
giographic bleeding complications in adults, Darcy and
colleagues (43) concluded that abnormal PT and PTT did
not correlate with an increased risk for hematoma at the
arterial access site. Burns and colleagues (44) found no
correlation between bleeding time and blood loss in 43
patients having coronary bypass graft surgery (r2 � 0.04).
In the setting of a gynecologic oncology service, Myers and
colleagues (45) found that preoperative coagulation testing
provided little clinically useful information. Finally, in a
study of 153 adult dental school patients, Redding and
Olive (46) found that the medical history identified most
patients at risk for bleeding, whereas PT, PTT, and bleed-
ing time had little predictive power.

Therefore, because of the low pretest probability and
the low likelihood ratio for predicting postoperative bleed-
ing complications, PT and PTT are poor screening tests for
patients at low risk for postoperative hemorrhage. With the
exception of Ashkenazic Jews, patients without historical
risk factors or physical findings suggestive of an increased
bleeding risk are unlikely to have congenital or acquired
coagulopathies that will result in increased postoperative
bleeding and do not require testing.

Platelet Count and Bleeding Time

The platelet count is highly reproducible but does not
assess platelet function; therefore, it presents the clinician
with incomplete and possibly misleading information. The
bleeding time provides additional information; however,
this test is highly dependent on the skill of the technician,
and the results can be altered by certain medications and
are difficult to reproduce. Investigators have found bleed-
ing time to be a poor screening test for perioperative hem-
orrhage (47–50). In a study of 167 consecutive surgical
patients, Gewirtz and colleagues (48) found that patients
with an abnormal bleeding time (5%) were no more likely
to have significant bleeding than those with a normal
bleeding time. In 1990, Rodgers and Levin (51) reviewed
862 studies that examined the use of bleeding time. In a
linear regression analysis that used data from 23 of these
studies, they found a poor correlation between bleeding
time and platelet count.

Receiver-operating characteristic (ROC) curves can be
used to describe how well a test discriminates between pa-
tients with and without disease, in this case perioperative
bleeding. Areas under the ROC curve range from 0.5 for a
test with no discriminatory power (that is, a likelihood
ratio of 1.0) to 1.0 for a highly discriminating test. Areas
under the curve for bleeding time from two surgical studies
were approximately 0.5 (that is, a 45-degree line), indicat-
ing poor discriminatory power in predicting perioperative
bleeding (50, 52). Using ROC curves constructed from
data in 27 studies, Rodgers and Levin found that bleeding
time failed to discriminate between patients who were tak-
ing aspirin and those who were not. Finally, in 5 studies of
patients with uremia, bleeding time, hematocrit, and plate-

Table 4. Test Performance Characteristics for �Coagulation Studies� in Predicting Postoperative Hemorrhage*

Study, Year (Reference) Type of Coagulation
Study

Sensitivity Specificity Positive Likelihood Ratio Negative Likelihood Ratio

% (n/n)

General surgery or unspecified
Clark and Eisenberg, 1981 (8) PT and PTT 100 (1/1) 97 (467/479) 33 0
Turnbull and Buck, 1987 (35) PTT 0 (0/13) 99 (196/197) 0 1.01
Suchman and Mushlin, 1986 (27) PTT 33 (9/27) 84 (1769/2107) 2.08 0.79
Macpherson et al., 1993 (33) PTT 0 (0/0) 93 (103/111) 0 1.08
Houry et al., 1995 (28) PT, PTT, platelet count,

and bleeding time
18 (2/11) 85 (1942/2280) 1.20 0.96

Kussmann et al., 1997 (34) PT, PTT, and platelet
count

24 (11/46) 97 (974/1008) 8 0.78

Pooled (PTT only) 23 (9/40) 86 (2068/2415) 1.64 (95% CI, 0.92–2.9) 0.90 (95% CI, 0.76–1.1)
Adenotonsillectomy

Thomas and Arbon, 1976 (41) PTT 0 (0/3) 100 (203/203) 0 1.00
Tami et al., 1987 (42) PTT 19 (5/26) 91 (742/811) 2.10 0.89
Close et al., 1994 (39) PTT 0 (0/2) 84 (79/94) 0 1.19
Howells et al., 1997 (40) PT and PTT 14 (1/7) 85 (216/254) 0.93 1.01

Pooled (PTT only) 16 (5/31) 92 (1024/1108) 2.00 (95% CI, 0.87–4.6) 0.91 (95% CI, 0.78–1.1)
Angiography

Darcy et al., 1996 (43) PT and PTT 11 (10/95) 88 (792/905) 0.92 1.01
Gynecologic surgery

Myers et al., 1994 (45) PT and PTT 0 (0/0) 97 (339/351) 0 1.03

* PT � prothrombin time; PTT � partial thromboplastin time.
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let count had similar performance in predicting bleeding
complications (51). In light of these findings, the American
Society of Clinical Pathologists published a position paper
in 1998 concluding that in the absence of a history of a
bleeding disorder, bleeding time is not a useful predictor of
risk for hemorrhage associated with surgical procedures.
They also stated that a normal bleeding time does not
exclude the possibility of excessive hemorrhage and, finally,
that bleeding time cannot be used to reliably identify pa-
tients who may have recently ingested aspirin or nonsteroi-
dal anti-inflammatory agents or those who may have plate-
let defects attributable to these drugs (47).

A new tool, a platelet function analyzer, has been de-
veloped as a quantitative, rapid, in vitro test of platelet
function at high shear rates (53–56). Preliminary studies
have demonstrated that “closure times” measured with this
system are sensitive to impairment of von Willebrand fac-
tor, inhibition of platelet glycoprotein Ib or IIb/IIIa recep-
tors with monoclonal antibodies or peptides, and aspirin-
related platelet dysfunction (57–60). Although some
studies have shown good sensitivity in the detection of
aspirin-induced defects in patients taking 325-mg doses
(54, 61), others have noted equivocal results at lower doses
(100 mg) (62). With the increased use of platelet receptor–
blocking agents in cardiovascular diseases, several centers
are investigating the utility of the platelet function analyzer
in monitoring the adequacy of glycoprotein IIb/IIIa inhi-
bition during percutaneous coronary intervention (63, 64).

TESTING FOR THE RISK FOR THROMBOSIS

Patients face an increased risk for thrombosis in several
clinical settings. Important questions are whether, when,
and how to screen for these hypercoagulable states. Ac-
quired causes of thrombophilia include cancer, antiphos-
pholipid antibodies, the nephrotic syndrome, and hyper-
homocystinemia. The most frequent cause of heritable
thrombophilia is the factor V Leiden mutation (65). De-
fects in protein C, protein S, antithrombin III, and the
newly identified prothrombin gene mutation account for
most of the remaining cases (66, 67).

A common clinical dilemma is whether to test for the
factor V Leiden mutation in patients who have had a first
venous thromboembolic event. Data conflict on the risk
for recurrent thrombosis in patients who have positive re-
sults on testing for the factor V Leiden mutation (68).
Studies by Simioni, Baglin, and Ridker and their colleagues
(69–71) have shown an increased risk for recurrence.
Other investigators have not corroborated these findings
(72, 73); however, some of the studies may not have been
large enough to detect a clinically significant difference.

Prevalence
On the basis of a study of 4047 men and women

participating in the Physicians’ Health Study or the Wom-
en’s Health Study, the factor V Leiden mutation is present
in 1.25% to 6% of the U.S. population (74). Prevalence

varied significantly between different ethnic groups. Car-
rier frequency was 5.27% (CI, 4.42% to 6.22%) in whites,
2.21% in 407 Hispanic Americans, 1.23% in 650 African
Americans, 0.45% in 442 Asian Americans, and 1.25% in
80 Native Americans.

The prevalence of the factor V Leiden mutation may
be as much as sevenfold higher in patients who have had a
first episode of venous thrombosis (not related to cancer)
than in healthy controls (75). As was shown in a popula-
tion-based case–control study of 301 patients younger
than 70 years of age (the Leiden Thrombophilia study),
resistance to activated protein C was present in 21% of
patients with venous thrombosis compared with 5% of
age- and sex-matched controls (76). In a pooled analysis of
2456 white patients, the factor V Leiden mutation was
detected in an average of 18.4% of patients with venous
thromboembolic disease (77).

Tests and Test Characteristics
Testing is first done by checking for resistance to ac-

tivated protein C (APC) (78–82). The most common
plasma-based test involves measuring the activated PTT in

Table 5. Summary and Recommendations

Nonsurgical Hospitalized Patients
Testing should be performed only when there are specific clinical indications

on the basis of the history or physical examination (Grade 1C).
Measurement of the platelet count is recommended before heparin therapy

is initiated; monitoring of platelet counts during treatment is also
recommended because of the possibility of heparin-induced
thrombocytopenia (Grade 1C�).

Surgical Patients
Patients without evidence of historical risk factors or physical findings

suggestive of a bleeding disorder have a low risk for peri- and
postoperative hemorrhage. Abnormal test results for hemostasis occur
infrequently in patients without these risk factors. When test results are
abnormal in these patients, they perform poorly in predicting
postoperative hemorrhage. Therefore, routine preoperative coagulation
testing is not recommended (Grade 1C�).

Preoperative testing with the partial thromboplastin time, prothrombin time,
and platelet count is warranted for patients with clinical evidence to
suggest a bleeding disorder (Grade 2C).

It is reasonable to obtain routine preoperative partial thromboplastin time
on Ashkenazic Jewish persons because of the increased prevalence of
occult factor XI deficiency (Grade 2C).

Testing after the First Episode of Venous Thromboembolism
After a first episode of venous thromboembolism, patients with the factor V

Leiden mutation may have an increased risk for recurrence. However, the
magnitude and duration of risk remain unclear at this time. Patients with
the factor V Leiden mutation who do not have a clear precipitating factor
(for example, idiopathic venous thromboembolism) may have an even
greater risk for recurrence. The prevalence of factor V Leiden varies
substantially across ethnic groups. The cost-effectiveness of testing
patients for factor V Leiden mutation and treating affected persons with
prolonged oral anticoagulant therapy depends on the risk for recurrence,
the prevalence of factor V Leiden mutation, the risk for major
hemorrhage while receiving anticoagulant therapy, and patient age.
Therefore, routine testing after a first episode of venous
thromboembolism is not recommended for most patients (Grade 2C).

Testing may be reasonable for patients with no obvious precipitating factor
who are at low risk for bleeding complications from oral anticoagulant
therapy, for patients age 50 years or younger, or for patients with a
first-degree relative with a history of venous thromboembolism before 50
years of age (Grade 2C).
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the presence and absence of APC; results are expressed as a
ratio of these values. A reduced ratio is predictive of the
factor V Leiden mutation, although false-positive results
may occur for many reasons, including elevated levels of
factor VIII coagulant activity and oral contraceptive use
(83). In one of the largest series, the sensitivity and speci-
ficity of the activated PTT ratio were 84% and 72%, re-
spectively (84). Testing is performed either before antico-
agulation is started or while patients are still receiving
warfarin, before a decision has been made about continu-
ing anticoagulant therapy (85). In the latter case, a modi-
fied APC resistance test is used. The modified test involves
diluting the patient’s plasma in factor V–deficient plasma
(80), which makes the test insensitive to the administration
of anticoagulants (86–88). Patients with APC resistance
undergo genetic testing for the factor V Leiden mutation
by using polymerase chain reaction (89, 90).

Rationale for Testing
The rationale for testing rests on the assumption that

affected individuals would receive anticoagulant therapy
that was more effective than the usual regimen. Standard
therapy after a first episode of venous thromboembolism in
patients with reversible or time-limited risk factors consists
of 3 to 6 months of oral anticoagulant therapy within an
international normalized ratio target range of 2 to 3 (91,
92). Although studies have demonstrated lower rates of
recurrence in patients receiving longer anticoagulant ther-
apy, the price has been a higher rate of hemorrhagic events
(93–95). The most recent guidelines of the American Col-
lege of Chest Physicians recommend at least 6 months of
anticoagulant therapy after an idiopathic venous thrombo-
embolic event (91). However, for patients at increased risk
for recurrence due to inherited defects in anticoagulation,
such as the factor V Leiden mutation, no satisfactory evi-
dence can help decide the optimal duration or intensity of
anticoagulant therapy.

Despite this lack of clear evidence, many clinicians
have already integrated testing for the factor V Leiden mu-
tation and other hypercoagulable disorders into their rou-
tine approach. Two recent reviews on the thrombophilias
(83, 96) recommend that testing be pursued only in pa-
tients with one or more features strongly suggestive of
thrombophilia, such as age at onset younger than 50 years,
a history of recurrent thrombosis, or a first-degree family
member who had onset of thrombosis before 50 years of

age. Several decision and cost-effectiveness analyses have
been done to address this question (97–99).

Using different methods, Sarasin and Eckman and
their coworkers (97, 99) came to similar conclusions: Test-
ing followed by life-long anticoagulation is not “cost-effec-
tive.” The only patients for whom this protocol may be
reasonable are those who have idiopathic venous thrombo-
embolism and are at low risk for bleeding complications
from oral anticoagulant therapy (99). The analysis by Mar-
chetti and colleagues (98) yielded similar results from
which they drew different conclusions. Although screening
had an incremental cost-effectiveness ratio of $12 833 per
quality-adjusted life-year, it resulted in only a 2-day aver-
age gain in quality-adjusted life expectancy. These re-
searchers concluded that screening was cost-effective; how-
ever, they added that it was not cost-effective in patients at
high risk for fatal bleeding (�0.34% per year) or at low
risk for recurrent deep venous thrombosis (�9% in the
first 2 years). In addition, they found that screening was
cost saving if restricted to patients with idiopathic throm-
bosis.

Studies suggest that patients who are homozygous for
the factor V Leiden mutation (75, 81) are at somewhat
greater risk for recurrent venous thromboembolism. Fur-
thermore, since the inheritance of congenital thrombo-
philias is independent, co-inheritance of the factor V Lei-
den mutation with other “common” thrombophilias, such
as the G20210A mutation in the prothrombin gene, does
occur. Patients who are heterozygous for both mutations
have an even greater risk for recurrence (100). By using
data pooled from two small studies with a total of 39 pa-
tients having both the factor V Leiden and prothrombin
gene mutations (100, 101), Marchetti and colleagues cal-
culated an odds ratio of 5.9 (CI, 2.65 to 13.12) for recur-
rence. On the basis of these preliminary data, they ex-
tended their previous cost-effectiveness analysis and found
that screening for both mutations followed by 2 years of
oral anticoagulant therapy resulted in a 1-day average gain
in quality-adjusted life expectancy and an incremental cost-
effectiveness ratio of $13 624 per quality-adjusted life-year
(102). Future cost-effectiveness analyses of more compli-
cated strategies that include a battery of tests for the more
common thrombophilias and that reserve treatment only
for patients with multiple predispositions—particularly

Table 6. Statements and Medical Subject Heading Terms for the Search Process

Nonsurgical Patients Surgical Patients Factor V Leiden

blood coagulation disorders AND blood coagulation
tests AND diagnostic tests, routine AND human
AND English language

blood coagulation disorders AND blood coagulation
tests AND human AND English language AND
[preoperative care OR postoperative
complications]

factor V Leiden AND [follow-up studies
OR recurrence]

blood coagulation tests AND evaluation studies
AND [preoperative care OR postoperative
complications]

factor V Leiden AND [cost-benefit
analysis OR costs and cost analysis
OR decision trees]
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those with idiopathic thromboembolism—will be of great
interest once additional clinical data are available.

LIMITATIONS AND CONCLUSIONS

All of the studies in this investigation of screening for
the risk for bleeding in hospitalized surgical or nonsurgical
patients were observational. Although it is unlikely that
selection bias affected the results since such a large propor-
tion of patients had routine testing, randomized trials in-
vestigating the effect of withholding routine admission and
preoperative testing on patient outcomes would have pro-
vided methodologically stronger results. We could not pool
results for many studies because of the diversity in study
characteristics, testing panels, and definitions of outcomes.
Nevertheless, most of the evidence from these observa-
tional studies shows that 1) routine screening of unselected
patients has little power to discriminate between those who
will have bleeding complications and those who will not
and 2) withholding such testing is unlikely to cause harm
and will certainly reduce costs. Table 5 summarizes the
conclusions and recommendations.

The issue of testing for the factor V Leiden mutation,
the most common cause of thrombophilia in patients with
a history of venous thromboembolism, is plagued by the
uncertainty about the risk for recurrent thrombosis. The
observational studies we reviewed had vastly different de-
signs, durations of anticoagulant therapy, and end points,
making them difficult to combine into a summary analysis.
Furthermore, most did not address the question of whether
prolonged anticoagulant therapy in persons with the mu-
tation decreases the risk for recurrence. Final recommen-
dations await confirmation from ongoing clinical trials,
such as the Prevention of Recurrent Venous Thromboem-
bolism (PREVENT) trial, which will evaluate the efficacy
of prolonged treatment with low-dose warfarin in the sec-
ondary prevention of venous thromboembolism and will
perform subgroup analyses of trial end points in patients
with the factor V Leiden mutation (103).

APPENDIX

Search Process
Data sources included all English-language studies identified

in MEDLINE (1966 to April 2002) and reference lists of key
articles. Searches were performed for three major topics: routine
coagulation testing for nonsurgical hospitalized patients, routine
coagulation testing for surgical patients, and the risk for recurrent
venous thromboembolism in patients with the factor V Leiden
mutation. Search statements for these areas were as shown in
Table 6 (Medical Subject Heading terms are italicized).

Articles included in the summary analysis of test character-
istics in the prediction of postsurgical bleeding had to include
coagulation test results in patients with bleeding (to calculate
sensitivity) and those without bleeding (to calculate specificity).
Many studies did not include patients without bleeding and were
excluded from the summary analysis in Table 4. The 95% CIs
for likelihood ratios of pooled studies were calculated by using
the method of Obuchowski and coworkers (30).

Grades of Recommendations
Final recommendations were graded (Table 5) on the basis

of the methodologic quality of the underlying evidence and the
trade-off between benefits of testing on the one hand and risks,
harms, or costs on the other. We use the systematic grading
system developed by the Consensus Conference on Antithrom-
botic Therapy of the American College of Chest Physicians, sum-
marized in Table 7 (104).
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