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CLINICAL INVESTIGATION

Safety and Efficacy of Reduced-Dose Versus
Full-Dose Alteplase for Acute Pulmonary
Embolism: A Multicenter Observational

Comparative Effectiveness Study

OBJECTIVES: Systemic thrombolysis improves outcomes in patients with pul-
monary embolism (PE) but is associated with the risk of hemorrhage. The data on
efficacy and safety of reduced-dose alteplase are limited. The study objective was
to compare the characteristics, outcomes, and complications of patients with PE
treated with full- or reduced-dose alteplase regimens.

DESIGN: Multicenter retrospective observational study.

SETTING: Tertiary care hospital and 15 community and academic centers of a
large healthcare system.

PATIENTS: Hospitalized patients with PE treated with systemic alteplase.
INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Pre- and post-alteplase hemo-
dynamic and respiratory variables, patient outcomes, and complications were
compared. Propensity score (PS) weighting was used to adjust for imbalances
of baseline characteristics between reduced- and full-dose patients. Separate
analyses were performed using the unweighted and weighted cohorts. Ninety-
eight patients were treated with full-dose (100mg) and 186 with reduced-dose
(60mg) regimens. Following alteplase, significant improvements in shock index,
blood pressure, heart rate, respiratory rate, and supplemental oxygen require-
ments were observed in both groups. Hemorrhagic complications were lower
with the reduced-dose compared with the full-dose regimen (13% vs. 24.5%,
p = 0.014), and most were minor. Major extracranial hemorrhage occurred in
1.1% versus 6.1%, respectively (p = 0.022). Complications were associated with
supratherapeutic levels of heparin anticoagulation in 37.5% of cases and invasive
procedures in 31.3% of cases. The differences in complications persisted after
PS weighting (15.4% vs. 24.7%, p = 0.12 and 1.3% vs. 7.1%, p = 0.067), but
did not reach statistical significance. There were no significant differences in mor-
tality, discharge destination, ICU or hospital length of stay, or readmission after
PS weighting.

CONCLUSIONS: In aretrospective, PS-weighted observational study, when com-
pared with the full-dose, reduced-dose alteplase results in similar outcomes but
fewer hemorrhagic complications. Avoidance of excessive levels of anticoagula-
tion or invasive procedures should be considered to further reduce complications.

KEYWORDS: anticoagulants; hemorrhage; outcome assessment; pulmonary
thromboembolism; tissue plasminogen activator

mortality that can range from 8.1% in stable patients to 25% in those
presenting with signs of shock, and to 65% in those requiring cardio-
pulmonary resuscitation (CPR), with long-term mortality to a significant

P ulmonary embolism (PE) remains a significant cause of morbidity and
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-
@\ KEY POINTS

Question: What are the differences in character-
istics, outcomes, and complications in pulmonary
embolism patients treated with full- or reduced-
dose systemic thrombolysis regimens?

Findings: Following alteplase administration, sig-
nificant improvements in hemodynamic and res-
piratory parameters were noted in both groups.
There was no difference between the groups in
mortality, discharge destination, ICU or hospital
length of stay, or readmission rates. Rates of hem-
orrhagic complications were lower in the reduced-
dose as compared with the full-dose group.

Meaning: In a retrospective, propensity score-
weighted observational study, reduced-dose
alteplase was as effective as the full-dose regimen
but was associated with a lower risk of bleeding.

J

.

degree linked to medical comorbidities (1, 2). Chronic
thromboembolic pulmonary hypertension related to
acute symptomatic PE occurs in 0.4-6.2% of cases and
can lead to right heart failure and death (3). Systemic
thrombolysis has been shown to improve outcomes in
massive (high-risk) PE characterized by hemodynamic
instability (4, 5). It may also benefit selected submassive
(intermediate risk) PE patients without hypotension
or shock but with evidence of right ventricular (RV)
dysfunction, positive biomarkers, and clinical signs of
decompensation (6-8). However, thrombolysis can be
associated with bleeding, including intracranial hem-
orrhage (ICH) (9). In meta-analyses of clinical trials
comparing systemic thrombolysis to anticoagulation
alone, thrombolytics were associated with lower rates
of all-cause mortality and recurrent PE but greater risks
of bleeding complications (10, 11). There is significant
variability in the reported bleeding rates. A random-
ized controlled trial comparing heparin plus alteplase
versus heparin alone in normotensive PE patients with
RV dysfunction showed decreased need for escalation
of care due to hemodynamic decompensation in the
alteplase group and minimal bleeding complications,
which were similar in the treatment and control groups,
with no fatal or ICH events (12). A more recent trial
comparing weight-adjusted tenecteplase plus heparin
versus heparin alone in patients with intermediate-risk

2 www.ccmjournal.org

PE confirmed benefit of systemic thrombolysis, but the
risk of complications was significantly higher in the
tenecteplase group, with an 11.5% rate of major bleed-
ing and 2% frequency of ICH (13). The complication
rate variability suggests that the thrombolytic dose
regimen and possibly other factors, such as intensity
of concomitant anticoagulation may affect the risk of
hemorrhage.

The full-dose alteplase regimen consisting of 100 mg
administered intravenously over 2 hours was associ-
ated with an angiographic improvement, significant
reduction in PE-induced pulmonary hypertension,
and improved pulmonary perfusion in a randomized
trial comparing alteplase with urokinase, and with
improvement in RV function and pulmonary perfu-
sion when alteplase plus heparin were compared with
heparin alone (14-16). The reduced-dose regimen
(50mg) was compared with a full-dose alteplase in
a randomized trial of 118 PE patients with hemody-
namic instability or massive pulmonary artery ob-
struction. Improvements in RV dysfunction, lung
perfusion defects, and pulmonary artery obstructions
were similar in both groups, but the reduced-dose
regimen resulted in less bleeding (3% vs. 10%), espe-
cially in patients with a body weight less than 65kg
(17). Another trial randomized moderate PE patients
to 50 mg alteplase dose plus anticoagulation or anti-
coagulation alone. The endpoints of pulmonary hy-
pertension and recurrent PE were less prevalent in the
thrombolysis group, and no bleeding complications
occurred in either group (18). A retrospective study
comparing ultrasound-facilitated catheter-directed
thrombolysis to systemic reduced-dose alteplase dem-
onstrated similar improvements in pulmonary artery
pressures and RV size with a significantly lower cost
of treatment in the systemic thrombolysis group (19).
However, a retrospective database study comparing
reduced- versus full-dose alteplase in propensity-
matched patients with PE found increased need for
secondary thrombolysis and catheter thrombus frag-
mentation in the reduced-dose group, whereas there
was no difference in mortality or complications (20).
Given the small number of studies and the variability
of the trial size, patient enrollment criteria, and re-
ported outcomes, additional information is needed
to inform clinicians on the optimal thrombolytic
dose regimen and factors associated with bleeding
complications.
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This multicenter observational study aimed to com-
pare baseline characteristics, outcomes, and com-
plications in patients with PE treated with full- or
reduced-dose alteplase regimens.

MATERIALS AND METHODS

This was a retrospective observational study of patients
discharged from Abbott Northwestern Hospital (a
tertiary care center in Minneapolis, Minnesota) and
Mayo Health System (15 community and academic
centers) between January 1, 2012, and December 31,
2020. Patients were included if they were 18 years old
or older and treated with systemic (IV) alteplase for
PE. Exclusion criteria included absence of authoriza-
tion for use of electronic health records for research
purposes and alteplase administration in the setting
of cardiac arrest, or patients treated with extracorpo-
real membrane oxygenation. Data for the study were
collected both via data extraction from the electronic
health records as well as chart review for variables dif-
ficult to extract such as comorbid conditions, invasive
procedures, and complications. Both extracted and
chart review data were entered into Research Electronic
Data Capture. Each case with hemorrhagic complica-
tion was reviewed by two independent researchers to
understand the circumstances and factors contribut-
ing to the complication development, and their find-
ings were adjudicated. The study was determined to be
exempt from review by both the relevant institutional
review boards (IRB 1804450; IRB 21-011394).

Measures

Patients were classified as receiving either full dose
alteplase if they received 100mg IV over 2 hours, or
reduced dose alteplase if they received 50 mg IV over 2
hours or 10 mg bolus over 1 minute followed by 40 mg
over 2 hours.

Primary outcomes for this study were all-cause and
PE-related mortality or hemorrhage within 7 days of
alteplase administration. PE-related deaths were de-
fined as those due to PE as the primary cause. Major
extracranial hemorrhage was defined as fatal bleed-
ing, and/or bleeding in a critical area or organ, such
as intraspinal, intraocular, retroperitoneal, intra-
articular or pericardial, or intramuscular with com-
partment syndrome, and/or bleeding causing a fall
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in hemoglobin level of 2g/dL or more, or leading to
transfusion of two or more units of RBCs (21). ICH
was defined as any degree of subarachnoid, subdural,
or intraparenchymal bleeding. Minor hemorrhage was
defined as any bleeding not meeting major extracra-
nial or ICH criteria.

Secondary outcomes included shock index at 8
hours after alteplase administration defined as HR
divided by systolic blood pressure (SBP), 30-day and
1-year all-cause mortality, and ICU and hospital length
of stay (LOS). Other key secondary outcomes included
changes in SBP, heart rate (HR), respiratory rate (RR),
need for supplemental oxygen (oxygen), noninvasive
ventilation, mechanical ventilator, and vasopressor use
before and after alteplase.

Measures before alteplase were defined as the nadir
SBP, peak HR, peak RR, and nadir Spo,, within 8 hours
before alteplase administration. Similarly, the post-
alteplase measures were nadir SBP, peak HR, peak RR,
and nadir Sp o, at approximately 8 hours after alteplase
administration.

Pre-alteplase echocardiogram was defined as ech-
ocardiogram obtained during index hospitalization
before alteplase administration. Post-alteplase echocar-
diogram was defined as first available echocardiogram
following alteplase administration. Echocardiographic
measures included global assessment of RV function
categorized as normal or severe, moderate, or mild
dysfunction; tricuspid regurgitation pressure gradient
(TRPG), and tricuspid annular plane systolic excur-
sion (TAPSE).

Patient baseline measures included age, gender, weight
(kg), and body mass index. PE severity was defined as
massive (PE-related hypotension or shock) or submassive
(presence of RV dysfunction and/or abnormal troponin
or brain natriuretic peptide (BNP) without hypotension
or shock) (22). Medical history included smoking status
(current, former, never), and history of specific medical
events or comorbidities: PE/deep venous thrombosis,
cancer, congestive heart failure, chronic obstructive pul-
monary disease, asthma, pulmonary fibrosis, obstruc-
tive sleep apnea, coronary artery disease, hypertension,
chronic kidney disease. Baseline measures at admission
related to disease severity and treatment included syn-
cope within 7 days prior, need for CPR, abnormal tro-
ponin, BNP, and lactate (defined as above the upper limit
of normal in the corresponding hospital laboratory).
Sequential Organ Failure Assessment (SOFA) scores were
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calculated using information in the record at the time of
admission (23). Antiplatelet and anticoagulant use were
measured for the 7 days before alteplase start; addition-
ally, trauma or invasive procedures were documented for
the 30 days before treatment.

Although heparin protocols evolved over the course
of years and were site-specific, the common approach
included initiation of unfractionated heparin infusion
at the guideline-recommended dose at the time of PE
diagnosis and titration to a heparin anti-Xa of 0.3-0.7
IU/mL or a correlated activated partial thromboplastin
time (aPTT) range (24). Supratherapeutic anticoagula-
tion was defined as aPTT greater than 2.5 times of con-
trol value or heparin activity greater than 0.7 units/mL.

Statistical Analysis

Due to the observational nature of this study, pro-
pensity score (PS) weighting was used to adjust

for imbalances of baseline characteristics between
reduced- and full-dose patients. The PS was defined
as the probability of a patient receiving a reduced-
dose of alteplase given a set of baseline covariates
(variables summarized in Fig. 1) as estimated by lo-
gistic regression. The weights used for analysis were
defined to be 1/PS for those who received reduced-
dose alteplase, and 1/(1-PS) for those who received
full-dose alteplase. The weights in each group were
then divided by the mean weight of that respective
group, so the sum of the weights was equal to the
original sample size of each group.

We assessed covariate imbalance between the full
and reduced-dose groups by evaluating the standard-
ized difference for each baseline covariate. The stan-
dardized difference for a continuous covariate was
defined as the absolute difference in group means di-
vided by an estimate of the pooled sp. The derivation
was similar for nominal covariates. A standardized

Age '
Height — ] A
Weight — A L e
Body Mass Index —| e i
Pulmonary Embolism (PE) Severity — A
PE/Deep Venous Thrombosis — A
Cancer | A !
Congestive Heart Failure — A
Chronic Obstructive Pulmonary Disease | 4 :
Asthma | 4 o
Pulmonary Fibrosis — A
Obstructive Sleep Apnea — A e
Coronary Artery Disease -| 4 L
Hypertension — '
Chronic Kidney Disease —{ 4 :
None — 4 . |
Tobacco - e A
Antiplatelet Use — A
Anticoagulation -{ 4 'Y
Syncope —| A [}
Head Trauma —| ® A
Surgery/invasive procedure — A L]
Supplemental Oxygen —| A g
High—Flow Nasal Cannula — A .
Non-Invasive Ventilation — A
Mechanical Ventilator — A
Vasopressor — A

® Unweighted
4 Weighted

0.6 0.7

Standardized Difference

Figure 1. Standardized differences (absolute value) for variables used in the propensity scores (PSs) derivation in the unweighted and

PS-weighted cohorts.
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difference of less than 0.10 denotes negligible covariate
imbalance between groups.

Separate analyses were performed using the un-
weighted and weighted cohorts. Continuous vari-
ables were compared between dosing groups using
either a t-test or Wilcoxon rank sum test, and cate-
gorical variables were compared using a Chi-square
test. A multivariable logistic regression model was
used to assess the association between dose group
and hemorrhagic complications after adjusting for
age (= 75 vs. < 75), weight (= 65kg vs. < 65kg), if an
invasive procedure was performed in the 30 days be-
fore alteplase, and if the patient received an antiplate-
let agent within the 7 days before alteplase. Weighted
versions of these analyses were used to assess these
associations in the weighted cohort. All calculated p
values were two-sided and p values less than 0.05 were
considered statistically significant. Statistical analyses
were performed using SAS, version 9.4 software (SAS
Institute, Cary, NC).

RESULTS

Cohort Characteristics

A total of 284 patients were included in the retrospec-
tive analysis; 98 were treated with the full-dose and 186
with the reduced-dose alteplase regimen. At baseline,
PE was classified as massive in 97 (34.5%) and submas-
sive in 184 (65.5%) cases (Table 1). Patients receiving
the full-dose regimen were more likely to have a mas-
sive PE relative to those in the reduced-dose group
(56.1% vs. 23%), whereas the reduced-dose group
had a higher proportion of patients with a submas-
sive PE (77.0% vs. 43.9%), p < 0.001. There were no
clinically significant differences between the groups in
terms of age and gender, comorbidities, or most base-
line laboratory values. Most patients in both groups
had elevated troponin and BNP and were receiving
systemic anticoagulation before thrombolysis. Before
the PS weighting, abnormal lactate, use of antiplatelet
agents, and the need for CPR were all more common
in the full-dose alteplase group (Table 1). Additionally,
patients treated with the full-dose regimen had sig-
nificantly lower SBP (94.2 vs. 108.8 mm Hg), higher
peak HR (119.8 vs. 111.1 beats/min), higher peak RR
(29.9 vs. 25.4), higher SOFA score (3 vs. 2, p = 0.003),
and more patients in this group required noninvasive
ventilation (18.8% vs. 9.3%, p = 0.023), mechanical
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ventilation (13.5% vs. 5.9%, p = 0.031), vasopressor
support (27.6% vs. 10.8%, p < 0.001), and CPR (7.1%
vs. 2.2%, p = 0.038) (Table 2).

After the PS weighting, the full-and reduced-dose
alteplase groups appeared well balanced with regard
to key baseline differences in the unweighted groups:
PE severity, need for CPR, antiplatelet use, mechanical
ventilation, and vasopressors (all standardized differ-
ences < 0.10, indicating negligible imbalance). After
weighting we still saw significant differences in the
percentage with abnormal lactate (but with a reduced
difference), shock index, and RR (Fig. 1 and Tables 1
and 2).

Outcomes

In the weighted cohort, there was no difference be-
tween the groups in 7-day all-cause (5.6% in full-
dose vs. 8% in reduced-dose, p = 0.45) or PE-related
(4% in full-dose vs. 4.2% in reduced-dose, p =
0.93) mortality, nor in 30-day or 1-year mortality.
Following alteplase administration, improvements
in SBP, HR, shock index, RR, and supplemental
oxygen requirements were noted in both groups,
and there was significant decrease in the noninva-
sive ventilation requirements in the reduced-dose
group. The need for rescue interventions (catheter-
directed procedures or surgical embolectomy) was
infrequent and did not differ between groups. There
were no significant differences between the groups
in the discharge destination, ICU or hospital LOS,
or readmission rates (Table 2).

No significant outcome differences related to the
alteplase dose were noted when massive and sub-
massive PE subgroups were analyzed separately.
Mortality was substantially higher in patients with
massive PE as compared to patients with submas-
sive PE (17.5% all-cause and 10.3% PE-related in
massive vs. 1.1% and 0.5%, respectively, in submas-
sive PE subgroup), with the differences persisting
after PS weighting (Table 3).

Among cases with available echocardiogram results,
global RV function before thrombolysis was described
as severely abnormal in 56.5% and 44.5% of patients
treated with full-dose and reduced-dose alteplase, and
these rates decreased to 7.4% and 7.3%, respectively,
following the treatment. Improvements in the TAPSE
and TRPG were also noted (Supplemental Table 1,
http://links.lww.com/CCM/H473).

www.ccmjournal.org 5

Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



Melamed et al

8
3
£
(penunuo)) Wu
%”L°L9 %E’ L4 (%9°49) ST 1 (%0°29) S9 (%¥°49) 061 1anaN m
%8'€T %603 (%g'eT) eV (%L'¥T) ¥¢ (%8°€2) L9 Ised m
%G'8 %82 (%2'6) L1 (%z'8) 8 (%6'8) G¢ wauny o
G8'0 ¥6°0 022eqo]| g
660 %9°L1 %G'L1 LSO (%L91) 1€ (%¥'61) 61 (%9°L1) 0§ SUON m
86'0 %61 | %6'Y | TL00 (%t'gl) €2 (%1°02) 0% (wlGl) ev aseaslp Aaupnf o1LOIYD
990 %865 %995 6%°0 (%¥'C9) 9L 1 (%5'89) LS (%6°09) €41 uoisuapadiy
G6'0 %78 %881 1G0 (%T'L)) TE (%1°02) 0% (%we'8L) TS aseasip Aiape Areuoio)
€80 %0°LT %L’'G% IS0 (%6°'92) 09 (%9'0€) 0€ (%g'8g) 08 eaude deajs aAlONISIQ
G9'0 %66 %8} 1 ¥€0°0 (%1'8) Gt (%€91) 9l (%6°01) LE sisoiqy Areuowing
¢80 %S'E %9 | 1G0 (%v'el) ST (%€ 9lL) 91 (%r¥l) LY ewyisy
asessIp
¥6'0 %E 0L %10l LE0 (%g0l) 61 (%ETL) 71 (%9'L1) €€ Areuow|nd 8AoNISqO 1UOIYD
G8'0 %61 | %l L1 710 (%g0l) 61 (%€91) 9l (weTl) 9€ aun|iej peay aAlsabuo)
96'0 %L'0% %0+ Gg'0 (L L)) €€ (%G°€T) €3 (%L'61) 99 laoue)
SIsoquwoJy} snou
160 %L've %8¢ €10 (%G'13) OF (%9'6¢) 63 (%€¥2) 69 -oA deap/wsijoquie Areuowing
Ki01s1y [eoipajp
%069 %9°€9 (%0°LL) L1171 (%6°eY) €V (%G'G9) ¥81 aAlssewqng
%0°GE %¥'9€ (%0°€C) ¥ (%1°99) GG (%S'v€) L6 SNISSBI
¥8°0 1000 > Kenes wsijoqwa Areuowing
¥6'0  (4'0% '6'8C) G'€€ (98¢ 'v'8T) ¢'vE LE0 (6'07 ‘c’6C) 6'EE  (S'OV ‘1'8C) £'€€E (4°0% '1'60) L'€E (4OI) uelpaw xapul ssew Apog
LL0 (€6t 'LY¥8) L'00L (SVLL'0L8)TTOL  9T°0  (S4Ch'8'98)9'LOL (6°4LL°1'G8) 886  (9¥Th 'G'G8) 6'00+ (4OI) ueipaw ‘By ‘WBrop
cS0 %85S %895 LLO (%€ ¥Q) 101 (%1°99) GG (%6'7S) 9G1 sJew ‘opusy) S
990 (6'G1) G'09 (6v1) L'6S €6°0 (€'G1) 609 (Lv1) v09 (F'G1) 409 (as) ueaw ‘aby m
(98L =u) (86 =u) (981 =U) (86 =U) (¥8Z = u) |ejoL mj
9s0( padnpay asoq IIn4 aso( paosnpay asoq |Ind m
Hoyo) pawybiam Hoyo) payyblamun g
sisfjoquioay] 21walsAS Yl poajead] wisijoqu3 Ateuownd Yl siualjed jJo soljsiialoeiey) auljaseqg
13A1avl o

Downloaded from http://journals.lww.com/ccmjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCy
WCX1IAWNYQp/IIQrHD3i3D00OdRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 01/03/2024

Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



Clinical Investigation

'(950p pa0npal 9, | pue 8sop |ny Og) stusired 9Gg Ul o[qe|reY,
(9sop peonpai gg | pue 8sop [Ny GG) sjueed gg| Ul paxjoayD,
(esop peonpai gy | pue 8sop [Ny GG) sjueled | 0g Ul pedoeyD,
‘(9s0p peonpal G/ | pue asop |nj 8g) sjusied £97 Ul pedORYD.

"abuels 9|ipenblsiul = Y|

780

¥6°0

84°0

¢6'0
8€0°0

€30

960

LY'0

060

%091 %T L1
%008 %G'08
%16 %8'9%

(Fe‘ol) el (8'€'G°0) 9t
%L'EY %L ¥9
%0'69 %G 6L
%E'E8 % 08

%0'€ %8t
%9l %8Gl

(981 =Uu)
9s0(Q padonpay

(86 =)
9soq lind

HoyoD paybiom

LG0O

L¥'0

1000 >

€000
1000 >

¢L00

8€0°0

81'0

(%9°Ct) €C
(9%0°64) L1
(%8'81L) G€

€e‘le
(%g'8€) LS

(%S°89) 001
(%1°G8) 671
(%TT) ¥

(%1°Gl) 8T
(CEI))

aso0Q paonpay

(%ELL) L1
(%2°T8) 18
(%8°LE) LE

9‘Ye
(%G'¥2) LY

(%0°08) ¥+
(%1°9L) L9
(%1°L) L
(%t'81) 81

(86 =U)
9soq |ind

Moyo) payybramun

siskjoquoiy] o1walsAS Y paleal] wsijoqug Aleuowind M Sluaijed Jo soisiiajoeiey) auljaseq

Downloaded from http://journals.lww.com/ccmjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCy
WCX1IAWNYQp/IIQrHD3i3D00OdRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 01/03/2024

810jeq p 0€ ulyim
(%2T¥1) OF ainpaoo.d aAlseAul Jo ewnel |
ase|da)fe

(%€°08) 82T 210499 p / Uiyim juejnbeoonuy

ase|dajfe 210}
(%¥°G2) Tl -8q p / ulynm uebe jeee|diuy
(4OI) ueIpaW ‘,JUBWISSOSSY

¥ e ainjieq ueBiQ [eiuanbag

(%6°8Y) ¢6 oP8%93Y92 JO 0y ‘S1e10E| [ewlouqy

4P302Y0 40 0% ‘api}

(%97 L) P11 -dad o13ainureu uleiq fewiouqy

<Pax08Yd

(%1°28) 91¢C JO 0f ‘uluodouy [ewiouqy
uoleyosnsal

(%6°€) LI Kreuow|ndoip.ed 1o} pasN
ase|da)fe

a1042q p £ ulyum adooukg

(%€91}) oY
(8¢ =u) |er0L

(ponunuo)) 1 319vV.L

www.ccmjournal.org

Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Critical Care Medicine



XXX 2023 ¢ Volume 51 * Number 00

Melamed et al

(penunuo))

ge0 %0°0 %G'0 LL0 (%0°0) 0 (%0°1) 1 (%¥°0) L Awojosjoquie [eoibing
LE'0 %G %6 | €¥'0 (%8'€) 4 (%072) ¢ (n'e) 6 uonuaAISlUI PaloalIp-Idlayle)
3900 G9'0 L0 v2°0 0€0 d 1o)je "sA ai0jeg

¥10 %201 %18l 1000 > (%9'9) T 1 (%L4°LT) 9T (w8'€el) 8¢ (+oye) Jossaidosep

.80 %L1 %G | 1000 > (%8'01) 02 (%9°LT) LT (%S'91) LY (91040q) J0ssaidosep
¥6°0 920 990 ce0 ze0 d ‘1e)ye "sA aiojog

480 %728 %88 980°0 (%0°9) |1 (%0CL) LI (%0°8) T ({o)je) JoTe|juaA [BDIUBYODIN

68°0 %68 %¥'6 L€0°0 (%6°G) |1 (%S€l) €L (%G'8) 2 (e10joq) J01E|IIUSA [eDIUBYDSIN
8100 GL0 1300 TS00 €00°0 d ‘1a)ye "sA aiojog

0G0 %G'9 %06 4100 (%) 8 (%rcl) Lt (%0°L) 61 1aye ‘AIN

LL0 %LTh %¥'El €200 (%€'6) L1 (%8'8l) 81 (%S'gl) g€ 21099 ‘AIN
1000 > 3000 1000 > G000 1000 > d ‘1elye "sA aiojog

4 A0) %¥'G9 %3G 95 480 (%1'%9) 911 (%0°€9) 85 (%L°€9) ¥4 1 (1oye) ‘0 [ejuewalddng

180 %€g'84 %L'9L €¥°0 (%€'9L) Tr L (%t°08) 82 (%L’LL) 0TT (a10400) ‘0 [eyuswajddng
1000 > 3000 1000 > 1000 > 1000 > d ‘1e)ye "sA aiojog

1000 (¢c8)6°LC (¢'L) 99t 1000 > (L9)e'le (¢9) LgT (v'9) 8°CC (as) uesw ‘(1aye) ¥y

G200 (¢L) 1’9t (€'6) 4'8C 1000 > (r'9) ¥'ae (c'8) 6'6C (eL) 02T (as) uesw ‘(ai0)eq) ¥y
1000 > 1000 > 1000 > 1000 > 1000 > d ‘iele ‘sA alojeg

9000 (ce0) €80 (L9°0) O’k 1000 > (92°0) 640 (08'0) 0Lt (¢50) 680 (as) uesw ‘(1alye) xopul o0ys

6100 (6¥°0) ¥t (6¥°0) LT’} 1000 > (r€°0) LO'L (cg0) LE'L (EV0) LL'L (as) uesw ‘(a10joq) xepul }o0ys
1000 > 1000 > 1000 > 1000 > 1000 > d ‘1ele 'sA alojog

6000 (e'gT) 6’68 (c'8T) 6'86 1000 > (6'61) 0’68 (r'£T) €001 (c'ec) L7T6 (as) uesw ‘(1aye) YH

.10 (0'4T) L°TLL (cve) ikl 1000 (8°02) F'LEL (e'€T) 8'61L1 (0ce) o kL (1@s) ueaw ‘(a104oq) YH
1000 > 6300 1000 > #00°0 1000 > d 1olye "sA aio0jeg

1200 (0'0g) GTHI (£'2T) LYol 1000 > (8'02) 8°G I (0'¥2) 8'001 (0'ec) 80k 1 (as) uesw ‘(1oye) 49S

680°0 (1'g2) 0°'GOL (¢'¥T) 966 100°0 > (1'02) 8'801 (¢'ce) T v6 (0'ge) 8'€0lt (as) uesw ‘(ai0jeq) 49S

(981 =U)
@s0(Q paonpay

(981 = u) asoq (86 = u) asoq
pasnpay 1ind

(86 =u)
asoq |In4

(¥8T =u) |eJ0L

uoyo) payybiamun

Moyo) payybiopm

sisfjoqwouiy] 21walsAs YiM pajead] wsijoqug Adeuownd Yjm sjualied Jo sawodnQ
‘¢ 719Vl

Downloaded from http://journals.lww.com/ccmjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCy
WCX1IAWNYQp/IIQrHD3i3D00OdRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 01/03/2024

www.ccmjournal.org
Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



Clinical Investigation

‘Ayj10ey Buisinu pajiys = 4NS ‘BH ww ‘ainssald poojq 21101sAs = 4gs ‘inuiw Jad suoljelidsal
‘o1l Alojelidsal = ¥y ‘UOITe|IIUSA BAISBAUIUOU = AN ‘[eNdSOY aled a1noe wis}-Buo|] = HOv ] ‘Aels jo yiBus| = g0 ‘obues ajipenblisiul = Y| ‘einuiw Jad syeaq ‘o1es Jeay = ¥H

0S80
98°0
Gv'0

€60
810

€10
680
.80

%E L1 %Y1 S¥0°0
%08 %98 0100
%08 %9°G 44}
%T¥ %0¥ S0
%99 %0C1 180°0
%0°G %6°C

%SCl %653
%G8 %3 VL
8000
(9T'0k) L1 (8¢ '6°0) 9 160°0
(04 '60) €F (04 '1€)0S 1100

(981 =u) (86 =u)

@s0(Q paonpay

Moyo) payybiopm

9soq [ind

sisfjoqwouiy] 21walsAs YiM pajead] wsijoqug Adeuownd Yjm sjualied Jo sawodnQ

(981 = u) asoqg

(%¥'Tl) €2 (%¥'12) 1g
(%¥g) 0l (%EVL) V1
(%¥g) 0l (%z'6) 6
(%2°3) S (%1'9) 9
(%0°2) €1 (%e€El) €1
(%6°€) 4 (%9°G) g
(%9 L1) 1T (%8'5T) €3
(%G'¥8) €91 (%G'89) 19
(‘o) gL (ee‘1'L) 8l
(€'9'8°C) 6€ (8°4'c€) 1'S

pasnpay 1ind

uoyo) payybiamun

Downloaded from http://journals.lww.com/ccmjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCy
WCX1IAWNYQp/IIQrHD3i3D00OdRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 01/03/2024

(86 = u) asoq

(%G'G}) vv
(%G'8) ¥¢
(%2£°9) 61

(%6°€) LI

(%g'6) 9¢

(%¥v) Tl
(%E91) ¥¥
(%€'6L) V12

(8T'0L) 9}
(69 '6C) €V
(¥82 =u) |ej0L

K | uiypm Ayjepow asneo-||y
P 0€ ulyum Ajjepiow asneo-||y
P 4 uiyum Ajjepow asneo-||y

P £ uiynm Aypes
-low pajejai-wsijoqua Areuow|ng

uolssiwpeay
9Jed HOojwo9/901dsoH
ANS/HOVL1
SWOH

uoleuisap abueyosiq

(4OI) ueipsw ‘(p) SOT NI

(¥01) ueipaw ‘(p) SO [endsoH

(panunuo)) "z 319vVL

www.ccmjournal.org

Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Critical Care Medicine



‘Ayj1oey Buisinu paj|ivs = 4NS ‘wsljoquis Areuownd = 34 ‘[epdsoy ased ainoe wis}-Buo| = HOv T ‘Aels jo yibus| = g ‘ebuels ajipenbisiul = ¥O|

XXX 2023 ¢ Volume 51 « Number 00

TS0 %7¢'G %8 1970 (%0°G) 4 (%0L) € (%%°G) 01 1K | uiynm Ayrepow esneo-|y
290 %0°C %60 890 (%¥'1) ¢ (%eT) | (%9°1) € P 0€ ulyum Apjepow asneo-||y
¥€0 %0°C %0°0 o) (%¥'1) T (%0°0) 0 (%l'1) ¢ P 4 uiysm Ayjepow asneo-jiy
19°0 %90 %0°0 8G°0 (%¢2°0) | (%0°0) 0 (%G0) + P Z uiyum Ayrenow peiejai-3d

%1C %6°0 (%¥'1) T (%eT) | (%9°1) € 9189 HO0jW09/001dS0H

%9'8 %L'Gl (%0°01) 71 (%€91) 4 (%S'L1) 1o ANS/HOV11

%€g'68 %0't8 (%9'88) ¥T | (%t 18) G (%6°98) 6S1 SWoH

80 0 b 0 b Buissiy
80 8¥°0 uoneunsep abeyosiq

(@c'oL) gl (¢c'6'0) T (@c'oL) ¥l (8c'60) Lt (r'c'oL) gt (HOI) uelpsy

9vel [eyel> vel 8¢ Tl u
8€0 L0 (P) SO1 NI
060 (9°'6'8¢) 8°¢ (9'1'e) 0's 9000 (96'8¢) 9°¢ ('L 've) 0 (6'G'6'C) €  (4OI) velpsw ‘(p) SO [eHdsoH

d (¥l =u)esogpeonpay (gy=u)esog|nd d (L1 =u)esog pednpay (e =u)8soq|ind (#81 =U) [e10] 3d anissewgng

Geo %6’ | %L 1LE 8G°0 (%1'8€) 91 (%2°cE) 81 (%1ge) ve A | uiypum Ajjepow esneo-||y
¥6°0 %G'CT %L 1T 6G°0 (%0'61) 8 (%9°€T) €1 (%9°12) to P 0€ ulyum Ayjepow asneo-||y
8€°0 %G'CT %8| €40 (%0'61) 8 (%¥91) 6 (%S°Z1) L1 P £ uiyum Ayjepiow esneo-||y
160 %901 %60 z80 (%3'6) ¥ (%6°01) 9 (%€ 0lL) oL p Z uiyum Ayrepow pejelal-3d

%801 A (%gel) G (%2'8) ¥ (%L01) 6 91eD LI0jw00/901dS0H

%0°G% %0°LE (%¥81) 4 (%8'7€) 91 (%1'LT) €3 ANS/HOVLT

%1¥9 %0°'9G (%1°'89) 9% (9%G°'99) 93 (%6°19) ¢S SwoH

7’9 L8 14 6 el Bussiy
8G°0 €20 uoneulsep abieyosiq

(ce‘o’l)0c (CR NNt (8¢ '6°0) 0C (CR NNt (r'e‘l'l) 0e (40I) ueipspy

6'9€ e'ey 8¢ 1474 08 u
t4=0) 6€°0 (P) SO NI
9G'0 (G'LL'ge) 1’9 (96 °L€) L'S €30 (g6 '9°€) 1'9 (e0L'0€) TG (g6 '7'€)6'G  (HOI) ueipaw ‘(p) SO [endsoH

d  (cy=u)esogpeonpay (GG=u)esoq(nd d (e =u) @asog paonpay (GG =wu)8soq(ind (L6 =U) [el0] 3d anisse|\

Moyod payybiamun

Hoyo) paybiam

www.ccmjournal.org

Melamed et al

3d 9AISSBWQNS pue aAISSBI\ UM Siuaned Buowy sawoonp

Downloaded from http://journals.lww.com/ccmjournal by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCy
WCX1AWNYQp/IIQrHD3i3D0OdRYi7TvSFI4Cf3VC1y0abggQZXdtwnfKZBYtws= on 01/03/2024

'€ 319Vl

10

Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



SMIAGZIUMIPXZOBBAROATOAEIOVIASALLIAIPOOAEIEAHION/AD AUMY TXOM

ADYOINX7OHISABZIY T+ NIOITWNOTZTARY HIRSGHANAUE AQ [euInofwad/wod mm| sfeuinoly/:dny woly papeojumoq

¥20¢/€0/10 Uo

Clinical Investigation

Complications

In the unweighted cohort, the overall rates of hemor-
rhagic complications were significantly lower in the
reduced-dose group than in the full-dose group (13%
vs. 24.5%, respectively, p = 0.014). The majority of
hemorrhages were minor (10.8% in reduced-dose vs.
17.4% in full-dose, p = 0.17), whereas major extracra-
nial hemorrhage occurred in 1.1% and 6.1%, p = 0.022
of cases, respectively. The differences persisted in the
PS weighted cohort (1.3% in reduced-dose vs. 7.1% in
full-dose for major, p = 0.067 and 12.8% in reduced-
dose vs. 17.2% in full-dose, p = 0.32 for minor) but did
not reach statistical significance (Table 4).

ICH occurred in one patient treated with the full-
dose and two patients treated with reduced-dose reg-
imen (1% and 1.1%, p = 0.99). In two cases, levels of
heparin anticoagulation at the time of complication
were significantly above therapeutic threshold. Both
patients had a full recovery without neurologic defi-
cits. In the third case, ICH occurred in an elderly pa-
tient with massive PE who received 100 mg of alteplase
followed by heparin infusion; no coagulation labs were
obtained.

Additional hemorrhage risk factors were identified
in the majority of patients: 91.7% of them were sys-
temically anticoagulated at the time of the complica-
tion development, with anticoagulation levels being in
the supratherapeutic range in 37.5% of cases; 31.3% of

TABLE 4.
Hemorrhagic Complications

Unweighted Cohort

patients underwent an invasive procedure close to the
time of alteplase administration.

Hemorrhage occurred beyond the 24-hour post-
alteplase window in 14 (29.2%) cases, and 7 of them
were greater than 48 hours after alteplase completion.

A multivariable logistic regression model revealed
that after adjusting for patient’s age, weight, alteplase
dose, and use of antiplatelet agents, invasive procedure
performed within 30 days of thrombolysis was inde-
pendently associated with hemorrhagic complications
(Supplemental Table 2, http://links.Iww.com/CCM/
H473).

DISCUSSION

Consistent with previous publications, our study dem-
onstrated improvement in hemodynamic and respi-
ratory parameters following systemic thrombolysis
(15, 25-27). Significant improvements were noted in
both, reduced- and full-dose alteplase groups at the
8-hour post-alteplase interval, confirming the previ-
ously demonstrated rapid onset of positive effects of
systemic thrombolysis (14). There were no significant
differences between groups in discharge destination,
ICU and hospital LOS, or readmission rates. Mortality
rates in our study were consistent with the previ-
ously published data and were similar in the full- and
reduced-dose groups, with patients with massive PE
accounting for the majority of deaths in our cohort

Weighted Cohort

Total FullDose Reduced Dose Full Dose = Reduced Dose
(n=284) (n=98) (n=186) (n = 98) (%) (n = 186) (%)

Hemorrhage, any 48 (17.0%) 24 (24.5%) 24 (18.0%) 0.014 24.7 15.4 0.12

Minor 37 (13.1%) 17 (17.4%) 20 (10.8%) 0.17 17.2 12.8 0.32

Major extracranial 8 (2.8%) 6 (6.1%) 2 (1.1%) 0.022 7.1 1.3 0.067

Intracranial 3 (1.1%) 1 (1.0%) 2 (1.1%) 0.99 0.5 1.5 0.46
Among those with any hemorrhage

Invasive procedure 15 (31.3%) 10 (41.7%) 5 (20.8%) 0.12 39.9 16.1 0.053

Systemic 44 (91.7%) 22 (91.7%) 22 (91.7%) 0.99 94.9 86.8 0.32

anticoagulation
Supratherapeutic 18 (37.5%) 8 (33.3%) 10 (41.7%) 0.55 34.6 45.6 0.42

anticoagulation?

2Supratherapeutic anticoagulation = activated partial thromboplastin time > 2.5 times of control value or heparin activity > 0.7 units/mL.

Critical Care Medicine
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(28-30). No significant differences between full- and
reduced-dose regimens were detected when massive
and submassive PE subgroups were analyzed sepa-
rately. Although significant improvements in echo-
cardiographic parameters with both alteplase dose
regimens were in line with previous publications, the
interpretation is limited by limitations in the data
availability (15, 27). Overall, the study results suggest
similar effectiveness of the full- and reduced-dose
alteplase regimens in patients with PE.

The reported rates of hemorrhagic complications in
patients with PE treated with systemic thrombolysis are
highly variable (12, 13, 31-33). The majority of hem-
orrhages in our cohort were minor. The rate of major
hemorrhage was lower in the reduced-dose as com-
pared with the full-dose group, with the low number of
events likely responsible for the differences not reach-
ing statistical significance after the PS weighting. These
findings are consistent with the earlier reports demon-
strating similar benefits and lower bleeding rates in
patients treated with the reduced-dose alteplase reg-
imen (17, 34, 35). The dose effect is further supported
by the association of a higher alteplase dose with post-
thrombolytic coagulopathy (36, 37). Reports of suc-
cessful use of even a lower dose (25mg) alteplase in
patients with PE suggest the need for additional stud-
ies to determine the optimal systemic thrombolysis
dose regimen (38, 39).

Additional factors likely contributed to the de-
velopment of complications in many cases. Almost
all hemorrhages occurred in the setting of full sys-
temic anticoagulation, with supratherapeutic anti-
coagulation levels noted in over a third of the cases.
Supratherapeutic anticoagulation levels and coagu-
lopathy were noted in two of the three ICH cases,
whereas the laboratory values were not available in the
third case. About a quarter of the hemorrhages were
related to invasive procedures such as venous or arte-
rial vascular access or recent surgery, and a substan-
tial number occurred more than 24 hours after the
alteplase administration. These findings demonstrate
the complexity of the circumstances where complica-
tions occur, as systemic anticoagulation alone can be
associated with a major hemorrhage in 2-7% of cases
(12, 13, 40, 41).

Our study demonstrates clinicians commonly use
the reduced-dose alteplase regimen, especially in
non-massive PE settings. Despite multiple known

12

www.ccmjournal.org

risk factors, it is difficult to predict individual risk
of hemorrhage (8, 32, 42). Although not a substitute
for a randomized controlled trial, PS weighting used
in this study allowed for comparison of outcomes in
the reduced- and full-dose thrombolysis cohorts. The
strength of this study is its reflection of a real-world
multicenter experience of thrombolysis utilization and
outcomes in patients with PE over a long time period.
Individual chart review allowed for a better under-
standing of the circumstances and causes of hemor-
rhagic complications.

Limitations include the possibility of unmeasured
confounders and bias related to the retrospective ob-
servational study design and data collection that may
explain our findings. Other limitations include data
availability limitations due to the electronic health
records evolution that could have missed pertinent in-
formation, and limited availability of the echocardio-
graphic data. While stringent criteria were used for the
manual data collection where data extraction was not
sufficient, residual confounding related to this process
is possible.

Although it is challenging to conduct clinical trials
on thrombolysis in acute PE setting, exemplified by a
fairly limited number of cases in this multicenter anal-
ysis encompassing a 9-year interval, there is need to
further evaluate the comparative effectiveness, safety,
and costs of the reduced- and full-dose alteplase regi-
mens and to compare them to the catheter-based inter-
ventions and third-generation thrombolytic agents
that have longer half-life, higher fibrin specificity,
and can be administered in a single IV bolus (43-46).
Individualized approach, with treatment algorithms
taking into account patient presentation, comorbid
conditions, response to the initial treatment, and risks
and benefits of reperfusion therapy may result in best
outcomes.

CONCLUSIONS

In a retrospective, PS-weighted observational study
of patients with PE receiving reperfusion therapy,
reduced-dose alteplase results in outcomes similar to
the full-dose regimen but is associated with a lower
risk of bleeding. Cautious heparin titration strategies
to avoid excessive anticoagulation levels as well as
avoidance of invasive procedures, when possible, may
further reduce complications.
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