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Summar y y 

Background:Background: Patients with suspected pulmonary embolism often receive heparin 

therapyy for hours to days before ventilation/perfusion scintigraphy is completed. We 

assessedd to what extent the lung scan classification and pulmonary vascular 

perfusionn changed over a period of 2-4 days of full anticoagulant therapy. 

Methods;Methods; In 312 consecutive patients with at least one segmental perfusion defect 

onn the initial perfusion scan, classification of both the initial and final lung scan 

allowedd us to study possible changes in scan classification. The assessment of 

changess in pulmonary perfusion was determined scintigraphicaliy in a subgroup of 

644 patients with proven pulmonary embolism. 

Results:Results: Of 79 patients with an initially high-probability lung scan 77 remained 

high-probability,, while the scan became non-diagnostic and norma! in one patient 

each.. The lung scan classification did not change in all 233 patients with initially a 

non-diagnosticc scan. Thus, a different lung scan category was observed in only 2 out 

off 312 (0.6% ; 95% CI 0.1-2.3%) patients. The mean pulmonary perfusion at 

baselinee in the subgroup of 64 patients with pulmonary embolism was 62% ( sd

17%% ; range 26-89%). A mean absolute improvement in pulmonary perfusion of only 

4%%  1 1 % (n.s.) was observed in the two to four days of observation. 

Conclusion:Conclusion: Intravenous heparin therapy for a period of two to four days minimally 

influencess the diagnostic lung scan classification and induces only minor changes in 

pulmonaryy vascular obstruction in the majority of patients. 
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Introductio n n 

Lungg perfusion scintigraphy is generally accepted as the appropriate first test in 

thee diagnostic management of patients presenting with suspected acute pulmonary 

embolism.. A normal perfusion scan safely excludes the presence of pulmonary 

embolism.. In those patients with at least one segmental perfusion scan defect, 

ventilationn lung scintigraphy is indicated, since a mismatch (normal ventilation at the 

sitee of the perfusion defect) adequately predicts the presence of acute pulmonary 

embolismm in approximately 90% of patients (1,2). In those patients with matched 

segmentall ventilation/perfusion (V/Q) scan findings or only subsegmental perfusion 

defects,, the lung scan is categorised as non-diagnostic and further diagnostic tests, 

suchh as follow-up ultrasound of the lower extremities and/or pulmonary angiography, 

aree required. However, the availability of lung scintigraphy differs among hospitals. 

Nuclearr medicine facilities are either not available at all and patients need to be 

transportedd to another hospital, or they are present on a non-daily basis, such as is 

frequentlyy the case for ventilation scintigraphy. In only a minority of hospitals both 

perfusionn and ventilation scintigraphy can be obtained around the clock. As a result, 

patientss with suspected pulmonary embolism often already receive heparin therapy 

forr hours to days before ventilation/perfusion scintigraphy is completed. 

Carefull quantitative assessment of the perfusion defect(s) on a six view scan 

closelyy correlate to pulmonary vascular obstruction measured by angiography and 

seriall scintigraphic measurements have shown to be sensitive to changes in 

vascularr obstruction (3-5). A limited number of studies have assessed changes in 

perfusionn scans in patients treated with intravenous heparin for pulmonary embolism. 

Thesee studies usually repeated the scan either within 24 hours or after one week (6-

9).. Only the UPET study presented data reflecting the changes after several days of 

anticoagulantt therapy (6). It should be noted however, that all these studies were 

performedd in an era in which heparin therapy was administered without the use of a 

weightt based heparin nomogram. Since heparin dosing without such a nomogram 

oftenn results in initial inadequate anticoagulation (10,11), the previously published 

studiess (6-9) may have underestimated the potential of heparin therapy to induce 

regressionn of perfusion defects. Furthermore, data determining changes in 

diagnosticc scan categories in the first days of heparin treatment are not available. 

Inn the present study we assessed to what extent the scintigraphic determined 

perfusionn score changed over a period of 2-4 days of anticoagulant therapy in those 
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patientss with segmental mismatched perfusion defect(s). In addition, we assessed 

whetherr lung scan classification (high or non-diagnostic) changed in patients with at 

leastt one segmental perfusion defect at the time of the first perfusion scan. 

Patient ss and method s 

PatientsPatients and study design 

Alll consecutive patients referred to the department of nuclear medicine of the 

Sophiaa Hospital, Zwolle, The Netherlands, for lung scintigraphy because of 

suspectedd acute pulmonary embolism during a 4 year period (1993-1997) were 

eligiblee for the study if two perfusion scans were performed (the second combined 

withh ventilation scintigraphy). The reason for performing two perfusion lung scans in 

thee acute period was the restricted availability of ventilation scintigraphy (i.e. twice 

weekly).. The practice of repeating perfusion scintigraphy was limited to patients with 

att least segmental defects at presentation, since the addition of ventilation 

scintigraphyy allowed for the possible classification of a high probability scan. Patients 

weree treated with heparin using a dosing nomogram (11). Vitamin K antagonists 

therapyy was commenced on day one to three. 

Forr the analysis of changes in diagnostic scan categories the scans of all eligible 

patientss were classified independently by two experienced nuclear medicine 

specialistss as high probability ( at least one segmental perfusion defect without 

correspondingg ventilation abnormalities), normal (no perfusion defects and perfusion 

outliness the shape of the lung seen on chest X-ray), or non-diagnostic (all other scan 

results).. Discrepant results were resolved by consensus reading. First the repeat 

perfusionn scan and ventilation scan were classified to these criteria. Subsequently, the 

initiall perfusion scan was compared with the ventilation scan, assuming that the 

ventilationn defect(s) has not changed. 

Thee pulmonary perfusion score was assessed indepently by the same two 

specialistss using the technique described by Meyer et al (3). Briefly, a. each lobe was 

assignedd a weight based on the regional distribution of pulmonary blood flow in the 

supinee position: right lower lobe 25% , right middle lobe 12% , right upper lobe 18%, 

leftt lower lobe 20%, lingula 12%, left upper lobe 13% b. perfusion within each lobe 

wass estimated from the anterior, posterior and oblique views. For each lobe a semi-

quantitativee perfusion score from 0 to 1 (0, 0.25 , 0.5 , 0.75 or 1) was estimated from 

thee film density by comparison with the photodensity of a normally perfused area and 
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c.. each lobar perfusion score was then calculated by multiplying the weight by the 

perfusionn score. The overall perfusion score was determined by summing the six 

separatee lobar perfusion scores. The percentage of vascular obstruction by perfusion 

scanningg was calculated as (1-overall perfusion score) x 100. In addition, the relative 

changess were calculated as the absolute change in perfusion between the 2 lung 

scanss devided by the baseline pulmonary vascular obstruction. The determination of 

thee pulmonary perfusion score was restricted to patients with a high probability 

ventilation/perfusionn scan, who received heparin therapy between the interval of the 

twoo perfusion scans. The maximum interval between the two scans was limited to 

fourr days. For all patients a heparin dosing nomogram was used (11). 

Perfusionn scans were obtained in 6 views (anterior, posterior, both lateral and both 

posteriorr oblique views) with "^Technetium macroaggregated albumin. For ventilation 

scintigraphyy 81mKrypton gas was used with the patient in the same position. 

StatisticalStatistical analysis 

Meanss and standard deviations were calculated for both the absolute changes 

andd the relative changes in pulmonary perfusion. Differences in changes of perfusion 

scoress after heparin therapy were analysed by Student t -test. Univariate regression 

analysiss was used to determine correlation between the changes in pulmonary 

vascularr perfusion and the baseline perfusion defects. Correlational analysis 

(Pearson)) was used to determine interobserver variability between the assigned 

changess in perfusion scores. 

Result s s 

ChangesChanges in diagnostic scan categories 

Duringg the study period 312 consecutive patients with suspected acute pulmonary 

embolismm underwent two perfusion scintigraphies, the second combined with 

ventilationn scintigraphy, because of the presence of at least one segmental perfusion 

defectt on the initial perfusion scan. The final ventilation/perfusion scan was classified 

ass high-probability in 77 (24.7%) patients, non-diagnostic in 234 (75%) and normal in 

11 (0.3%) patient. All of the 77 patients with a final high-probability scan would have 

hadd the same lung scan classification, when the ventilation scan was compared with 

thee initial perfusion scan. Combining the ventilation scan with the initial perfusion 

scann in the 234 patients with a final non-diagnostic scan would have resulted in the 
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samee lung scan classification in 233 patients. In the remaining single patient with a 

finall non-diagnostic scan (based on the presence of 4 subsegmental mismatched 

perfusionn defects) the combination of the ventilation scan with the first perfusion 

scann would have yielded a high-probability scan, because of two mismatched 

segmentall defects. A clear chest X-ray at the time of the first perfusion scan 

supportedd the likelihood of the presence of pulmonary embolism in this patient. The 

onlyy normal ventilation/perfusion scan, performed three days after the first scan, was 

obtainedd in a patient in whom the first perfusion scan revealed two segmental 

perfusionn defects. Also in this patient the chest X-ray at the time of the first perfusion 

scann showed no abnormalities. Thus, completing the ventilation/perfusion scan after 

twoo to four days of anticoagulant therapy resulted in a different lung scan category in 

onlyy 2 out of 312 (0.6% ; 95% CI 0.1-2.3%) patients. 

ChangesChanges in pulmonary vascular perfusion during heparin therapy 

Thee analysis of changes in pulmonary vascular perfusion during 2-4 days of 

heparinn therapy were restricted to 64 of the 79 patients described above in whom 

pulmonaryy embolism was considered to be proven (77 patients with a final high-

probabilityy ventilation/perfusion scan and the 2 patients described above with 

segmentall defects on the initial perfusion scan combined with normal chest X-ray in 

whomm regression of perfusion defects occurred during heparin therapy). The reasons 

forr excluding the other 15 patients were: heparin therapy not given the full length 

betweenn the two scans (7 patients), more then 4 days between the perfusion scans 

(55 patients), insufficient quality of one or both scans to perform changes in 

pulmonaryy vascular perfusion analysis (3 patients). 

Thee changes in pulmonary vascular perfusion in the 64 study patients are detailed 

inn Table 1. The mean pulmonary vascular perfusion at baseline for the total study 

groupp was 62% ( sd  17% ; range 26-89%). A mean absolute increase in pulmonary 

vascularr perfusion of only 4%  11% (n.s.) was observed in these 64 patients in the 

twoo to four days of the study. The mean relative change in perfusion (i.e. absolute 

changee in the perfusion score between the first and second perfusion scan devided 

byy the initial pulmonary vascular obstruction) was 9  35% . Deviding the study 

populationn into subgroups in whom the repeat scan was done at two, three or four 

dayss revealed a comparable absolute change in the pulmonary perfusion score of 4-

8%% with similar ranges (Table 1). 
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TableTable 1 Absolute perfusion scores in 64 patients with acute pulmonary embolism 

receivingg 2-4 days heparin therapy 

intervall between lung scans 

numbe rr  of patient s 

meann perfusio n base lin e 

scor ee (%)  sd (range ) 

2-44 days 

(tota ll  stud y group ) 

64 4 

622  17 

(266 - 89) 

22 days 

19 9 

6 8 + 1 7 7 

(344 - 89) 

33 days 

36 6 

622  15 

(322 - 87) 

44 days 

9 9 

533 1 

(26-84) ) 

absolutee change in 

pulmonaryy perfusion score (%) 

meann + sd 

Range e 

4 + 111 4  11 9 8 + 18 

-222 to +46 -12 to +36 -22 to +22 -22 to +46 

25 5 

30 0 

25 5 

ss  20 

— — 

15 5 

10 0 

C C 

-255 to 10 >20 0 -100 toO 0to10 10 to 20 

absolutee change in perfusion score (percent) 

FigureFigure 1 Number of patients with acute pulmonary embolism grouped in intervals 

accordingg to the absolute changes in the perfusion score after two to four days of 

intravenouss heparin therapy (total 64 patients). 

61 1 



ChapterChapter 5 

Althoughh the changes in absolute pulmonary vascular perfusion in the entire study 

cohortt ranged from a deterioration of 22% to an improvement of 46% , in 46 of the 

644 (72%) patients the changes were limited to plus or minus 10% (Figure 1). 

Analysiss of the relation between the extent of the perfusion defect at baseline and 

thee absolute change revealed only a small trend towards greater resolution of 

perfusionn defects in those with the worst initial perfusion scan (Figure 2). The 

interobserverr variability for the determination of absolute changes in pulmonary 

vascularr perfusion was good (Pearson R = 0.89). The results of both observers are 

depictedd in Figure 3. 

Discussio n n 

Thee use of ventilation/perfusion scintigraphy, a well established tool in the 

diagnosticc work-up of patients with suspected pulmonary embolism, is hampered by 

thee often non-daily availability of these methods in many hospitals. Thus, it is 

commonn practice to initiate anticoagulant therapy pending the definitive result of the 

ventilation/perfusionn scan. This study shows that 2-4 days of heparin does not 

materiallyy influence the definitive ventilation/perfusion scan category. In only 2 out of 

3122 (0.6% ; 95% CI 0.1-2.3%) consecutive patients with at least one segmental 

perfusionn defect on the initial scan, regression was such that the final lung scan 

classificationn changed. In one patient the two initial segmental perfusion defects 

disappearedd completely, whereas in the other patient only mismatched 

subsegmentall defects remained. 

Thee analysis of the quantitative changes in pulmonary perfusion in the subgroup 

off 64 patients with a final high-probability scan result revealed a minimal change in 

absolutee pulmonary perfusion of only 4  11% during 2-4 days intravenous heparin 

therapyy (Table 1). In three quarter of these patients the changes were limited to a 

rangee of 10% deterioration or improvement (Figure 1). The change in pulmonary 

perfusionn during heparin therapy has been assessed in several studies comparing 

intravenouss heparin with thrombolytic therapy (6-9), however only the UPET study 

presentedd data reflecting two to five days of heparin therapy (6). In their study cohort 

off 59 patients, they observed a mean absolute improvement of 5%  8% and 9%

10%% after two and five days respectively, which is fully comparable with our results. 

Itt is interesting to note, that although we used a higher initial heparin loading dose 

andd adjustments were made according to a heparin nomogram (11) this was not 
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FigureFigure 2 Absolute changes in perfusion score after 2-4 days intravenous heparin therapy 

versuss the baseline absolute perfusion score in 64 patients with acute pulmonary embolism. 

observerr 1 

Figuree 3: Interobserver variability for the absolute changes in perfusion score after 2-4 days 

intravenouss heparin therapy in 64 patients with acute pulmonary embolism. 
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reflectedd in an improved scan resolution as compared to the observations in the 

UPETT study. What are the potential clinical implications of our study findings'?' If both 

ventilationn and perfusion scintigraphy are not daily available, heparin therapy can be 

givenn for a period up to 4 days before lung scanning is performed, since such 

therapyy will not result in a different lung scan classification in the great majority of 

patientss presenting with pulmonary embolism. Thus, when a high-probability scan 

resultt is obtained continuation of anticoagulant therapy is indicated, while a non-

diagnosticc scan result necessitates further diagnostic investigation with 

ultrasonographyy and pulmonary angiography. In those rare cases in which the lung 

scann result has changed from high-probability to non-diagnostic, the disadvantage is 

thatt the patient is exposed to additional diagnostic testing. A normal lung scan result, 

alsoo if obtained after two to four days heparin therapy, excludes the presence of 

pulmonaryy embolism in virtually all patients and anticoagulant therapy can be 

stopped.. Occasionally, it may however be indicated to exclude venous thrombosis in 

suchh a patient with a normal lung scan, in particular if the clinical suspicion for 

venouss thromboembolism remains high. This reservation arises from two aspects of 

ourr study. First, complete resolution of segmental defects was observed in one 

patientt after three days of heparin therapy. Second, our strategy of performing twice 

aa perfusion scan had an inherent limitation. It was only performed when at least one 

segmentall perfusion defect was present on the first perfusion scan. Thus, we cannot 

excludee the possibility that in patients presenting with acute pulmonary embolism 

whoo only have subsegmental perfusion defects complete normalisation of the lung 

scann might occur during two to four days of anticoagulant therapy. However, this is 

likelyy of limited clinical concern, since the patient group with proven pulmonary 

embolismm presenting with only subsegmental perfusion defects is expected to be 

smalll (1) and also in patients with these defects a minimal change in pulmonary 

vascularr obstruction after two to four days of heparin therapy is expected. Hence, in 

thosee patients with a normal perfusion scan after two to four days of heparin therapy 

andd a persistent concern that the symptoms could be explained by pulmonary 

embolism,, serial ultrasonography should be considered to exclude venous 

thromboembolismm (12). Another implication of our findings applies to those clinical 

settingss in which the perfusion scan facilities are present daily whereas ventilation 

scintigraphyy can only be done twice or thrice a week, in these circumstances it is not 

necessaryy to repeat the perfusion scan at the time of the ventilation scan for a proper 
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finall lung scan classification. 

Somee aspects of our study require comment. This investigation was performed in 

aa large teaching hospital and all 312 consecutive patients in whom two perfusion 

scanss were performed during the study period were included in the analysis 

regardingg changes in diagnostic lung scan classification. In addition, the 

interobserverr variability in assessing the changes in pulmonary vascular obstruction 

wass very good (Pearson R = 0.89) and is in agreement with that of previous 

publicationss (3,4,5). Therefore, we believe that our findings can be generalised to the 

widee variety of patients presenting with suspected pulmonary embolism. 

Wee used the ventilation scan, performed at the time of the second perfusion scan, 

alsoo for the classification of perfusion defects obtained at the initial perfusion scan, 

assumingg that the ventilation scan remained unchanged in patients with pulmonary 

embolismm during a two to four day period. If any change in ventilation scintigraphy is 

too be expected in this time period, it is likely that a ventilation defect will develop as a 

resultt of pulmonary infarction. If true, this would have underestimated the number of 

high-probabilityy scans changing to non-diagnostic. 

Inn conclusion, this study shows that intravenous, heparin therapy for a period of 

twoo to four days minimally influences the diagnostic lung scan classification and 

inducess only minor changes in pulmonary vascular obstruction in the majority of 

patients. . 
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