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Dextran-40 Reduces Partial Flap Failure:
A Systematic Review and Meta-analysis for
Antithrombotics after Free Flaps

Yi-En Lin, MD*
Mei-Chun Chen, MD, PhD+{

Background: Antithrombotic agents are used after free-flap surgery to prevent
thrombus formation and improve flap outcomes. However, the reports vary.
Therefore, this meta-analysis aimed to elucidate the need for antithrombotic
agents in this context.

Methods: We searched for studies that compared the outcomes of patients under-
going free-flap surgery with or without postoperative antithrombotic agents in the
PubMed, Cochrane, and ClinicalTrials.gov databases. The primary outcome was
total flap failure, with secondary outcomes including partial flap failure, pedicle
thrombosis, and bleeding/hematoma. The relative risks (RRs) of outcomes with or
without antithrombotic use were evaluated.

Results: Fifteen studies (n = 6755 cases) were included. Antithrombotic agents did
not reduce flap failure or pedicle thrombosis risks but increased bleeding and
hematoma risks (RR, 1.535). Subgroup analyses by antiplatelet and anticoagulant
use demonstrated results similar to those of antithrombotic use. The RR of bleed-
ing/hematoma was 1.761 and 2.740 in the antiplatelet and anticoagulant groups,
respectively. Postoperative dextran-40 administration reduced the risk of partial
flap failure, with an RR of 0.535.

Conclusions: Postoperative antithrombotic, antiplatelet, or anticoagulant use did
not change the risk of total/partial flap failure or pedicle thrombosis but increased
the risk of hematoma/bleeding. Postoperative use of dextran-40 reduced the risk
of partial flap failure. Increased intraflap blood flow may decrease the risk of par-
tial flap failure. However, dextran-40 may cause severe pulmonary distress. Further
prospective studies are required to evaluate the effects of these agents on throm-
bus formation, intraflap blood flow, and partial flap failure risk. (Plast Reconstr Surg
Glob Open 2024; 12:¢5812; doi: 10.1097/GOX.0000000000005812; Published online 15
May 2024.)

Free flap surgery is effective for reconstructing exten-
sive soft tissue and/or bone defects caused by oncologi-
cal surgery, infection, or trauma. Vascular occlusion is the
leading cause of flap loss, with venous thrombosis being
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more common than arterial occlusion." Endothelial
injury, hypercoagulability, and blood flow stasis may
result in platelet aggregation and coagulation cascade
activation, leading to thrombus enlargement and blood
flow blockage (Fig. 1).” Accordingly, antithrombotic
medications are classified based on their antithrombotic
effects: antiplatelet, anticoagulant, and thrombolytic
agents, respectively. After free flap surgery, aspirin, hepa-
rin, prostaglandin E1 (PGEl), and dextran-40 are com-
monly used antithrombotic agents to prevent vascular
thrombosis.”*

The total flap failure rate in the antithrombotic
group is reportedly 1%-3% below that in the control
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groups.”™ However, antithrombotics’ impact on flap
success rates remain controversial owing to inconsistent
findings."**"'"" Antithrombotic-related bleeding/hema-
toma may compress the pedicle, leading to flap ischemia
or failure.'™'*" Higher rates of bleeding/hematoma
and total flap failure in patients with post-free-flap anti-
thrombotic therapy were observed.”'”!” In addition,
increased rates of cardiopulmonary complications and
pneumonia have been linked to long-term dextran-40
use.'® Consequently, the risk-benefit calculus of anti-
thrombotics remains unclear.®*

Partial flap failure, with a reported incidence rate of
5%-10%, is another severe complication.”™'*!>1” Contour
deformity, re-exposure of vital tissues, and partial flap fail-
ure may lead to secondary reconstruction or prolonged
wound care. A standard treatment to prevent partial flap
necrosis is currently lacking, and few studies have exam-
ined the effects of antithrombotic use on the incidence of
partial flap failure.

PRS Global Open © 2024

Takeaways

Question: Does the use of antithrombotic agents after
free flap surgery reduce the risk of poor outcomes?

Findings: Postoperative antithrombotic, antiplatelet, or
anticoagulant use did not change the risk of total/partial
flap failure or pedicle thrombosis but increased the risk
of hematoma/bleeding. Postoperative use of dextran-40
reduced the risk of partial flap failure.

Meaning: Increased intraflap blood flow may decrease the
risk of partial flap failure.

Previous studies comparing the effects of antithrom-
botics on the risk of free-flap complications were limited
by small sample sizes and low complication rates.®®!!!1%!*
Consequently, we aimed to conducta systematic review and
meta-analysis of studies on the impact of antithrombotics
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Fig. 1. Schematic of thrombus formation and antithrombotic agent mechanism of action. Endothelial injury, hypercoagulability, and
blood flow stasis may lead to platelet adhesion, activation, and aggregation, ultimately forming a platelet plug. The activation of the
coagulation cascade promotes fibrin formation and stabilizes the thrombus. The continued progression of these processes results in the
enlargement of thrombus, blocking blood flow. Thus, antithrombotic medications can be classified into antiplatelet, anticoagulant, and
thrombolytic agents based on the mechanism of action: platelet aggregation inhibition, coagulation cascade block, and thrombose dis-

solution promotion.
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on the risk of total flap failure, partial flap failure, pedicle
thrombosis, and bleeding/hematoma in patients under-
going free-flap surgery.

This systematic review and meta-analysis were con-
ducted in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions, version 5.1.0."8 and
followed the Preferred Reporting Items for Systematic
Review and Meta-Analysis guidelines.”” The proto-
col was registered in INPLASY (registration no.:
INPLASY2023120013).

Electronic searches were conducted using the PubMed
and Cochrane databases, and ClinicalTrials.gov for articles
published before July 7, 2023. Each database was searched
using the following key terms: (“free flap” OR “free tissue
transfer”) AND (anticoagulants OR aspirin OR heparin
OR antiplatelet OR antithrombotic OR dextran OR fibri-
nolytic OR prostaglandin OR urokinase).

The study selection details are presented in Figure 2.
After removing duplicates, 356 articles were potentially
eligible for this meta-analysis. We included studies com-
paring the outcomes of free-flap surgery with or without
postoperative antithrombotic therapy; both randomized
and nonrandomized studies were eligible. The primary
outcome was the total flap failure rate, and secondary
outcomes were the rates of partial flap failure, pedicle
thrombosis, and bleeding/hematoma. Among the short-
listed studies, only Nelson et al defined partial failure
as flap loss or atrophy up to 50%, not requiring imme-
diate re-operation.” Bleeding/hematoma was defined
as blood loss events requiring a surgical intervention,
drainage, and/or blood transfusion.”®!*!"20:2! Systematic
reviews; case reports; case series; letters to the editor;

animal studies; and studies with fewer than 10 partici-
pants, published in languages other than English, lack-
ing raw data for primary or secondary outcomes, or
that relied on questionnaire data were excluded. After
screening titles and abstracts, two authors independently
reviewed the full text of 245 articles using these criteria.
Disagreements on study eligibility were resolved through
consensus discussions. Finally, 15 articles were included
in the meta-analysis.”!720-21

Data Extraction

Two authors independently extracted the follow-
ing variables: first author name, publication year, study
type, patients’ clinical and demographic characteristics
(patient count, age, sex, and underlying disease), recon-
struction area, antithrombotic agent used, antithrombotic
therapy protocol used, and primary and secondary out-
come events.

Study quality was assessed independently by two
authors using the Newcastle-Ottawa scale.”” Studies scor-
ing more than six points, indicating high quality, were
included. Any discrepancies in the assigned scores were
resolved through consensus discussion. Funnel plots and
Egger test were used to assess the risk of publication bias,
revealing no significant publication bias regarding the risk
of complications.

Statistical Analysis

Statistical —analysis was conducted wusing the
Comprehensive Meta-Analysis software, version 3.3.070
(Biostat Inc, Atlanta, Ga.). Relative risk (RR) and confi-
dence intervals were estimated to assess the strength of
the association between antithrombotic agent use and
complication rates. Forest plots were used to illustrate the
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Fig. 2. Preferred reporting items for systemic reviews and meta-analysis flow diagram for the search

and identification of included studies.



magnitudes of the observed effects. Outcomes were con-
sidered significant at a P value less than 0.05. Individual
studies were weighted under the random effects statisti-
cal model to include the variation between and within
the studies. We performed subgroup analyses for patients
treated with antiplatelets, anticoagulants, and dextran-40,
given their different mechanisms.

We included 15 studies comparing the effects of
postoperative antithrombotic therapy in 6755 free-flap
cases, including 4052 patients treated with antithrombot-
ics. 1217202 Most free-flap procedures were performed for
postoncological treatment reconstruction. Most recon-
struction areas were the head and neck (80%), followed
by the breast, lower extremities, and upper extremities
(Table 1).

The rates of total flap failure, partial flap failure,
pedicle thrombosis, bleeding/hematoma, and the anti-
thrombotic regimens/protocols used are presented in
Supplemental Digital Content 1.7!%!7%-* (See table,
Supplemental Digital Content 1, which shows the types
and protocols of antithrombotic agents used and patient
outcomes. http://links.lww.com/PRSGO/D205.) The
types of antithrombotics used included aspirin, heparin,
low-molecular-weight heparin (LMWH), unfractionated
heparin (UFH), dextran-40, PGE1, ketorolac, and combi-
nations thereof.

Antithrombotic Agents
Nine studies compared the outcomes with and with-
out postfree-flap antithrombotic use.”0-1%1415.17.2122 The

control groups in these studies did not receive anti-
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The average total flap failure rate was 2.97% (n = 1464,
range: 0.00%-5.43%) in the nonantithrombotic group
and 7.78% (n =1508, range: 0.00%-31.25%) in the anti-

7,10,11,15,17,21,22

thrombotic group.”'*'"!7= Antithrombotic agent
use did not affect the risk of total flap failure (P = 0.417;
Flg 3A).7'”"”'15'17'22

The average rates of partial flap failure and pedicle
thrombosis in the nonantithrombotic group were 11.12%
(n =902, range: 0.00%-25.00%) and 3.21% (n=1310,
range: 0.00%-8.85%), whereas those in the antithrom-
botic group were 4.64% (n =709, range: 1.65%-8.19%)
and 7.85% (n=1327, range: 1.33%-31.82%), respec-
tively. 01172122 Postoperative antithrombotics neither
increased nor decreased the risk of partial flap failure
(P = 0.356) and pedicle thrombosis (P = 0.922; Fig. 3B,
C).7"”’”’]7’2]’22

The average bleeding/hematoma rates were 5.53%
(n=2169, range: 0.00%-25.00%) in the nonantithrom-
botic group and 9.22% (n = 3140, range: 0.00%-31.25%)
in the antithrombotic group. Post-free-flap antithrombot-
ics significantly increased the risk of bleeding/hematoma
(RR=1.535,95% CI:1.067-2.207, P=0.021), relative to that
in the nonantithrombotic groups (Fig. 3D).7!10-121415.17.22

To assess whether specific types of antithrombotics
reduced the risk of complications, we conducted sub-
group analyses based on antiplatelets, anticoagulants, and
dextran-40 use, given their different mechanisms (inhi-
bition of platelet aggregation, inhibition of coagulation
cascades, and increased blood flow with suspected fibri-
nolytic effect).

Antiplatelets
This antiplatelet subgroup included patients treated
with aspirin, ketorolac, and PGE1, which were used in

thrombotics, even for deep vein thrombosis prevention.  three, one, and one studies, respectively.®'*>#** Aspirin
Table 1. Study and Patient Characteristics
Reconstruction Area
(No. Flaps) Medical History (No. Patients)
Head

Age  Male/ and Lower Upper Diabe- Alco-
Author, Year Design (y) Female Neck Breast Limbs Limbs tes HTN PAOD Trauma Tumor Smoker hol
Ekin et al* Retrospective  49.3  40/37 —_ —_ — — 5 9 — — 68 28 4
Enajat et al* Retrospective 48 0/430 0 430 0 0 — — — — — 26 —
Filipan et al"’ Retrospective  59.9  118/58 176 0 0 0 — — — — 142 — —
Jayaprasad etal” Retrospective  55.6  119/49 172 0 0 0 — 21 — — 172 29 —
Karamanos et al*! Retrospective 31 125/58 0 0 144 39 50 — 21 — — 79 —
Keith et al' Retrospective  — 0/146 0 146 0 0 —_ —_ —_ —_ 146 —_ —_
Kroll et al” Retrospective  — —/— 338 179 0 0 — — — — — — —
Lee et al® Retrospective  43.5  79/49 0 0 128 0 15 24 — 17 41 20 —
Lighthall etal®  Retrospective 64.3 193/197 390 0 0 0 — — — — — — —
Nelson et al* Retrospective 56 —/— 1 18 — — — — — — 19 9 —
Numajiri etal'”  Retrospective 61  149/34 183 0 0 0 — — — — 183 — —
Riva et al"’ Retrospective  51.9 1179/54 1351 0 0 0 189 193 — — 1351 889 —
Sun et al*! Retrospective  53.9  42/13 55 0 0 0 —_ —_ — —_ 55 — —_
Wu et al'? Retrospective  50.5 2234/226 2460 0 0 0 171 346 — — — 2038 1869
Zhou et al'! Prospective 49.1 287/167 454 0 0 0 —_ —_ —_ —_ —_ —_ —_

Dashes (—) indicate “not mentioned in the study.”
HTN, hypertension; PAOD, peripheral arterial occlusion disease.
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A Antithrombotics Statistics for each study Risk ratio and 95% CI
Study name 5:;:() Llci’nv:i:r U“F:_:ﬁr Total failure T;?:::
Ekin etal. 2019 0.473 0.028 7.946 i 1.44
Kroll et al. 1995 0.861 0.372 1.992 —a— 16.36
Lighthall et al. 2013 1.340 0.617 2.908 —|._ 19.15
|
Numajiri et al. 2016 2.050 0.234 17.948 | 2.44
Riva et al. 2012 1.198 0.763 1.881 '.' 56.57
Zhou et al. 2018 0.997 0.185 5.381 —_— 4.05
Total 1.151 0.820 1.615 )
0.01 0.1 1 10 100
B Antithrombotics Statistics for each study Risk ratio and 95% CI
Study name ?aitsi'c: Ll?r:’i(:r Ulﬁ::ietr Partial failure T;?::f
Ekin et al. 2019 0.164 0.022 1.248 - ‘ 17.79
Numajiri et al. 2016 2.582 0.126 52.966 = 9.07
Riva et al. 2012 0.742 0.496 1.111 - 73.14
Total 0.635 0.243 1.665 N
0.01 0.1 1 10 100
C Antithrombotics Statistics for each study Risk ratio and 95% CI
Study name fa':l; Ll(i’n‘:i‘:r L:i':::;:r Pedicle thrombosis Tf‘la?;':f
Ekin et al. 2019 0.743 0.048 11.623 1.16
Kroll et al. 1995 0.895 0.446 1.794 —a— 18.09
Numajiri et al. 2016 2.050 0.234 17.948 1.86
Riva et al. 2012 1.031 0.727 1.461 L 72.06
Sun et al. 2003 3.577 0.152 84.132 0.88
Zhou et al. 2018 0.872 0.259 2.933 e 5.96
Total 1.015 0755  1.365 L 4
0.01 0.1 1 10 100
D Antithrombotics Statistics for each study Risk ratio and 95% CI
Study name ::tsi: Ll?r:’i‘:r L:i‘:r‘:i?cr Hematoma or bleeding F::;?;;te
Ekin et al. 2019 0.384 0.061 2.410 - 3.68
Keith et al. 2013 1.629 0.327 8.119 - 473
Kroll et al. 1995 1.566 0.800 3.062 - 19.97
Lighthall et al. 2013 2.680 1.166 6.157 —— 14.61
Numajiri et al. 2016 10.844 0.646 182.059 Iy 1.62
Riva et al. 2012 1.443 0.742 2.804 - 20.23
Wu et al. 2022 1.088 0.670 1.766 '.' 29.61
Zhou et al. 2018 3.488 0.803 15.152 = 5.57
Total 1535  1.067 2207 <
0.01 0.1 1 10 100

Fig. 3. Forest plot depicting patient outcomes after free flap surgery with or without postoperative antithrombotic therapy:
total flap failure (A), partial flap failure (B), pedicle thrombosis (C), and hematoma or bleeding (D).
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Statistics for each study
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Risk ratio and 95% CI

Study name :aitsig I'I?:;r L:::E ietr Total failure ':’e;?;i:f
Karamanos et al. 2022 1.458 0.704 3.020 _1._ 28.05
Lee etal. 2012 0.600 0.038 9.373 = | 1.97
Lighthall et al. 2013 0.907 0.354 2.324 —— 16.79
Enajat et al. 2014 1.133 0.337 3.812 10.10
Riva et al. 2012 1.201 0.668 2.161 43.10

Total 1.186 0.807 1.744 !
0.01 0.1 1 10 100
B Antiplatelets Statistics for each study Risk ratio and 95% CI

Study name gitsi: Ll?n‘:';:r L:I':E i‘:r Partial failure R;:;?;i:f
Karamanos et al. 2022 1.346 0.194 9.348 \ R 4.00
Lee etal. 2012 0.200 0.021 1.869 3.01
Enajat et al. 2014 0.648 0317  1.324 —- 29.36
Riva et al. 2012 0.978 0.602 1.590 '-' 63.64

Total 0.837 0.568 1.233 ’
0.01 0.1 1 10 100
C Antiplatelets Statistics for each study Risk ratio and 95% CI

Study name ,l-:,itsi: Ll?n‘:';r L:,':,E,, i‘:r Pedicle thrombosis R;:;?::f
Enajat et al. 2014 0.755 0.258 2.209 _-'l_ 16.21
Riva et al. 2012 0.974 0.607 1.561 'i' 83.79

Total 0.935 0.607 1.440
0.01 0.1 1 10 100
D Antiplatelets Statistics for each study Risk ratio and 95% CI

Study name gitsig I‘l?:;r L:i;::‘);r l-‘lematoma :)r bleeding R;f;?;i:f
Lee etal. 2012 0.200 0.021 1.869 - ‘ 5.74
Lighthall et al. 2013 1.851 0.723 4.742 + 25.42
Enajat et al. 2014 1.943 0.894 4.222 33.23
Riva et al. 2012 2.202 1.055 4,596 _-_ 35.61

Total 1.761 1.014 3.509
0.01 0.1 1 10 100

Fig. 4. Forest plot depicting patient outcomes after free flap surgery with or without postoperative antiplatelet use: total flap

failure (A), partial flap failure (B), pedicle thrombosis (C), and hematoma or bleeding (D).

and ketorolac are nonsteroid antiinflammatory drugs that
block the activity of cyclooxygenase-1 and thus irrevers-
ibly inhibit platelet aggregation.?**” PGE1 exhibits a broad
range of pharmacological effects, including antithrom-
botic mechanisms, vasodilation, and inhibition of platelet
aggregation.”?

Total flap failure rates were in the range of 2.08%—
11.43% in the control groups and 1.25%-16.67% in the
antiplatelet groups.®'*%**#* The rates of partial flap failure
and pedicle thrombosis were in the range of 1.90%-8.37%
and 3.55%-8.85% in the control groups and 1.25%-
8.19% and 2.68%-8.62% in the antiplatelet groups,

6

respectively.*'**?" Antiplatelets did not affect total flap
failure (P=0.385), partial flap failure (P=0.367), or pedi-
cle thrombosis (P=0.759) rates (Fig. 4A-C).%!10:15:25.21

The rates of bleeding/hematoma ranged from 2.15%
to 6.25% in the control group and 1.25% to 9.20% in the
antiplatelet groups.*'*'>* The risk of bleeding/hema-
toma significantly increased (Fig. 4D) in the antiplatelet
group (RR=1.761, 95% CI: 1.014-3.059, P = 0.045) %1015

A subgroup analysis based on aspirin use included
three studies with a total of 481 and 458 cases treated with

affect the risk for total (P = 0.397) or partial (P = 0.311)
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flap failure but significantly increased the risk of bleed-
ing/hematoma (RR = 1.905, 95% CI: 1.047-3.467, P =
0.035).15#+1 (See figure, Supplemental Digital Content 2,
which shows forest plot depicting patient outcomes after
free flap surgery with or without postoperative aspirin use.
http:/ /links.lww.com/PRSGO /D206.)

Anticoagulants

Heparin, LMWH, and UFH were classified as antico-
agulants according to their function of binding to and
activating antithrombin-III, inhibiting the function of
thrombin and coagulation factors.” Heparin, LMWH, and
UFH were used in four, four, and one study, respectively,
with 2497 and 1346 patients receiving and not receiving
anticoagulants, respectively.”'!!=!H15.172 0 Partial flap fail-
ure was reported in only one study, where heparin use
did not affect outcomes, and was not accounted for in a
subgroup analysis.'” Subgroup analysis for anticoagulants
was separated into the use of anticoagulants, prophylactic
treatments (heparin dose <400 U per hour, LMWH 4100
U per day, enoxaparin <60 mg per day, or any intervention
reported for DVT prevention), and therapeutic treatments
(heparin dose >500 U per hour or maintaining activated
partial thromboplastin time of 55-80s)."! 1211151720

The total flap failure and pedicle thrombosis rates
ranged from 1.32% to 17.65% and 1.6% to 17.65% in the
control group and 0.00% to 31.25% and 0.00% to 3.36% in
the anticoagulants groups, respectively.”'"'%!72% Lighthall
et al observed an increased total failure rate with antico-
agulant use, whereas the other four studies reported no
significant difference. Overall, anticoagulants did not sig-
nificantly affect total flap failure (P = 0.878) and pedicle
thrombosis (P=0.106; Figs. 5A, B)."!112:.17:20

The bleeding/hematoma rate ranged from 0.00%
to 5.29% and 3.53% to 31.25% in the control and anti-
coagulant groups, respectively.”!112141217.20 T johthall et al
and Zhou et al examined 844 patients with head and neck
reconstructions, reporting the highest RR of bleeding/
hematoma at 7.052 and 5.033, respectively, in the antico-
agulant groups, contributing to approximately 32% of the
total relative weight.'"'® Subgroup analysis revealed that
the RR of bleeding/hematoma was 2.740-times higher
in the anticoagulant group than in the control group
(P=0.008; Fig. 5C).711121415,17.20

Furthermore, the risk of total flap failure was unaf-
fected in the prophylactic group (P = 0.56) but increased
in the therapeutic group (RR=3.945,95% CI: 1.613-9.649,
P =0.003). (See figure, Supplemental Digital Content 3,
which shows a forest plot depicting total flap failure after
free flap surgery with or without prophylactic or therapeu-
tic dose of anticoagulants. http://links.lww.com /PRSGO /
D207.) Both groups showed increased risk of bleed-
ing/hematoma, and the risk in the therapeutic group
(RR =5.354, 95% CI: 2.515-11.398, P= 0.024) was higher
than that in the prophylactic group (RR =2.314, 95% CI:
1.116-4.797, P=0.000). (See figure, Supplemental Digital
Content 4, which shows a forest plot depicting hematoma
or bleeding after free flap surgery with or without prophy-
lactic or therapeutic dose of anticoagulants. http://links.
Iww.com/PRSGO/D208.)

Dextran-40

Dextran-40 is used in postfree-flap care as a volume
expander to increase blood flow at a dose of approxi-
mately 20-25mL per hour for 3-5 days.”'*"” It also has
antithrombotic properties by enhancing fibrinolysis.”
Overall, five studies compared outcomes with regard to
dextran-40 use, with 513 and 1258 cases treated with and
without dextran-40, respectively.”'%1%:2!

The total flap failure rates ranged from 2.33% to
7.59% in the control group and 3.49% to 27.27% in
the dextran-40 group.”*'*"?! Kroll et al reported that
dextran-40 significantly increased the risk of total flap
failure and pedicle thrombosis, whereas the other studies
revealed no such effects.””!**?! No studies revealed any
association between dextran-40 and bleeding/hematoma.
In subgroup meta-analysis, dextran-40 neither increased
nor decreased the risk of total flap failure (P = 0.111),
pedicle thrombosis (P = 0.563), and bleeding/hematoma
(P=10.170) (Fig. 6A-C).70-10.15.21

Partial flap failure in the dextran-40 group was reported
in four studies, mostly in patients undergoing head and
neck reconstruction.”'**?! One study was excluded from
the analysis owing to the absence of partial flap failure
cases.” The partial flap failure rate ranged from 0.00%
to 8.37% in the control groups and 0.00% to 4.59% in
the dextran-40 group. Riva et al reported that dextran-40
lowered the risk of partial flap failure in 283 patients after
head and neck reconstruction, with the highest relative
weight (90.4%) in the dextran-40 subgroup. In subgroup
meta-analysis, postflap dextran-40 significantly lowered
the risk of partial flap failure (RR = 0.536, 95% CI: 0.310-
0.928, P=0.026, I? = 0.000%; Fig. 6D).*'*13

In this meta-analysis, antithrombotic agents did not
reduce the risk of flap failure and pedicle thrombosis but
increased the risk of hematoma and bleeding. In subgroup
analysis, antiplatelets and anticoagulants were associated
with RR values of 1.761, and 2.740, respectively, relative
to those associated with the control groups. Notably, post-
operative dextran-40 administration reduced the risk of
partial flap failure.

Total flap failure is a severe complication of free-flap
reconstruction, with pedicle thrombosis and bleeding/
hematoma as its leading causes."*? Theoretically, anti-
thrombotics may decrease the risk of pedicle thrombosis,
consequently reducing the rate of flap failure. However,
previous studies are inconclusive on whether antithrom-
botic use is beneficial.>*** Risk factors for pedicle throm-
bosis include vessel intima injury, suture technique error,
vasospasm, external compression, vessel kinking, infec-
tion, hypercoagulable status, or history of thrombotic
events.” The free-flap success rate may be affected by
surgeons’ technique, intraoperative course, postopera-
tive care quality, and patients’ overall condition, including
any underlying disease, radiotherapy, smoking, age, and
nutritional status.” Hence, inhibiting coagulation or
platelet function alone by antithrombotics may be insuf-
ficient to reduce the risk of thrombus formation, pedicle
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Fig. 5. Forest plot depicting patient outcomes after free flap surgery with or without postoperative anticoagulant use: total

flap failure (A), pedicle thrombosis (B), and hematoma or bleeding (C).

thrombosis, or total flap failure. Our results suggested
that, overall, postfree-flap surgery antithrombotic use
may not reduce the rates of pedicle thrombosis and total
flap failure (Fig. 3A-D).

Antithrombotic use increased bleeding rates in many
studies.”'"'>1720 In this meta-analysis, antiplatelets, and
anticoagulants increased the pooled RR of bleeding/
hematoma to 1.761 and 2.740, respectively (Fig. 4D,
5C). Numajiri et al reported that the rates of total flap
failure and bleeding/hematoma were 3.3% and 8.3% in
the heparin group, respectively, with both rates higher
than those in the control group (1.6% and 0%)."” A
therapeutic dose of anticoagulants also increased the
risk of total flap failure (Supplemental Digital Content
3, http://links.lww.com/PRSGO/D207), which may be
because doctors tend to administer higher anticoagulant
doses when there is vascular occlusion or a high risk of
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thrombosis during surgery. LMWH and dextran-40 com-
bination was linked to a higher rate of bleeding/hema-
toma and total flap failure compared with LMWH alone
for deep vein thrombosis prevention.”!” Therefore, sur-
geons should carefully consider whether the benefits of
using antithrombotic agents outweigh the bleeding and
complication risks.

In this meta-analysis, dextran-40 significantly
reduced the risk of partial flap failure (Fig. 6D). Partial
flap necrosis leads to wound dehiscence, inadequate soft
tissue coverage for vital tissue, and potential complica-
tions including saliva leakage or deep neck infections.
Patients may require a series of operations to reconstruct
the area affected by the necrosis. The causes of partial
flap failure include anastomosis insufficiency, bleeding/
hematoma, embolism, thrombus, vessel kinking, vaso-
spasms, and coagulopathies.” " The distance between
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Fig. 6. Forest plot depicting patient outcomes after free flap surgery with or without postoperative dextran-40 use: total flap
failure (A), pedicle thrombosis (B), hematoma or bleeding (C), and partial flap failure (D).

flap tissue and perforator is also positively correlated
with the incidence of tissue necrosis, which increased
from 10% to 22.9% when the distance extended from
8cm to 12cm.* Therefore, treatments enhancing
intraflap blood flow may reduce the size and incidence
of partial flap failure.

Dextran-40, a volume expander commonly used
to treat shock, also exhibits antithrombotic functions,
including hemodilution, enhancing fibrinolysis, reducing

the platelet response to thrombin and decreasing the
binding ability between platelets and fibrinogen.'**" It
may improve local blood circulation and increase blood
supply to the flap, reducing the risk of partial necrosis. All
patients in the dextran-40 subgroup for partial flap failure
analysis had undergone head and neck reconstruction,
mostly due to cancer.”'"” Cancer may affect the hyperco-
agulable state; thus, maintaining hemodilution may ben-
efit this population.



PGE1 can enhance blood flow to the flap;**** the maxi-
mal arterial blood flow within the postanastomosis vessel
increased from 22.5cm per second to 26.7 cm per second
after 30 min of PGE1 administration.”* However, limited
studies have compared the effects of PGEI on free flap
outcomes, and the one included in this meta-analysis
showed no impact of PGE1 on the rates of flap failure and
pedicle thrombosis while demonstrating some augment-
ing effects on the risk of bleeding.'” More studies compar-
ing on the impact of increased blood flow on free flap
outcomes are required to inform the clinical practice.

Although dextran-40 may reduce partial flap failure
risk by approximately 46%, as estimated in this meta-
analysis, its use is associated with the risk of severe com-
plications, including atelectasis, pulmonary edema, adult
respiratory distress syndrome, and anaphylaxis.”'®#4
In a prospective randomized study on head and neck
reconstruction, the incidence of cardiopulmonary com-
plications was 29% and 51% after the administration of
dextran-40 for 48 hours and 120 hours, respectively; the
corresponding rate in the aspirin group was 7%.'° Adult
respiratory distress syndrome is a rare but very severe
complication of dextran,* which can prolong the dura-
tion of mechanical ventilator use and intensive care unit
stay, increasing the risk of death. Moreover, most previ-
ous studies failed to show any effects of dextran-40 on the
rates of total flap failure and pedicle thrombosis.”!*'*?! In
fact, patients treated with the combination of LMWH and
dextran-40 had higher rates of bleeding/hematoma
and total flap failure, compared with their counterparts
treated with LMWH alone.”” Consequently, although
some evidence suggests that dextran-40 may help improve
outcomes, its use requires a careful evaluation of risks and
benefits, particularly the risk of pulmonary complications.

This study had some limitations. First, the number
of eligible primary studies was relatively low, and many
were small and retrospective and used diverse protocols.
Comparing the outcomes of antithrombotic use is chal-
lenging, given the heterogeneity of doses and drug types
and diversity of patients. Most patients had undergone
head and neck free-flap reconstruction after cancer sur-
gery, followed by breast reconstruction, and data on
patients treated posttrauma or infection were insufficient.
In contrast, despite the potential value of this analysis, we
could not control for vein/interposition graft use due to
the lack of data. These limitations preclude the creation
of conclusive postoperative protocols. Further prospec-
tive studies on the effects of anticoagulants, antiplatelets,
or treatments that increase the intraflap blood supply on
partial flap failure are essential to achieve standardized
approaches to antithrombotic therapies after free-flap
surgery and future decision-making.

CONCLUSIONS
This meta-analysis demonstrated that postopera-
tive antithrombotic use did not reduce the risk of total
flap failure, partial flap failure, and pedicle thrombo-
sis but increased that of bleeding/hematoma. In sub-
group analysis, anticoagulant use (heparin, LMWH, and
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UFH) was associated with dose-related increases in the
risk of bleeding or hematoma, compared with the risk
of antiplatelet agent use (aspirin, PGE1, and ketorolac).
Importantly, dextran-40 reduced the risk of partial flap
failure. However, the risk of severe systemic complications
associated with dextran-40, especially with long-term use,
should be carefully considered. Further prospective stud-
ies are required to elucidate the effects of antithrombotics
on free-flap surgery outcomes.

Mei-Chun Chen, MD, PhD

Division of Plastic Surgery, Department of Surgery
Taipei Veterans General Hospital

No. 201, Sec. 2, Shipai Rd., Beitou Dist

Taipei City 112, Taiwan

E-mail: mcchen23@vghtpe.gov.tw

DISCLOSURE
The authors have no financial interest to declare in relation to
the content of this article.

REFERENCES

1. Lo SL, Yen YH, Lee PJ, et al. Factors influencing postoperative
complications in reconstructive microsurgery for head and neck
cancer. ] Oral Maxillofac Surg. 2017;75:867-873.

2. Koupenova M, Kehrel BE, Corkrey HA, et al. Thrombosis and
platelets: an update. Eur Heart J. 2017;38:785-791.

3. Dawoud BES, Kent S, Tabbenor O, et al. Does anticoagulation
improve outcomes of microvascular free flap reconstruction
following head and neck surgery: a systematic review and meta-
analysis. Br ] Oral Maxillofac Surg. 2022;60:1292-1302.

4. Lee KT, Mun GH. The efficacy of postoperative antithrombotics
in free flap surgery: a systematic review and meta-analysis. Plast
Reconstr Surg. 2015;135:1124-1139.

5. KellyJL, Eadie PA, Orr D, etal. Prospective evaluation of outcome
measures in free-flap surgery. | Reconstr Microsurg. 2004;20:435-8;
discussion 439.

6. Liu J, Shi Q, Yang S, et al. Does postoperative anticoagulation
therapy lead to a higher success rate for microvascular free-tissue
transfer in the head and neck? A systematic review and meta-
analysis. | Reconstr Microsurg. 2018;34:87-94.

7. Kroll SS, Miller MJ, Reece GP, et al. Anticoagulants and hemato-
mas in free flap surgery. Plast Reconstr Surg. 1995;96:643—647.

8. Lee KT, Jeon BJ, Lim SY, et al. The effects of ketorolac on micro-
vascular thrombosis in lower extremity reconstruction. Plast
Reconstr Surg. 2012;129:1322-1327.

9. Jayaprasad K, Mathew J, Thankappan K, et al. Safety and efficacy
of low molecular weight dextran (dextran 40) in head and neck
free flap reconstruction. | Reconstr Microsurg. 2013;29:443-448.

10. Riva FM, Chen YC, Tan NC, et al. The outcome of prostaglandin-
El and dextran-40 compared to no antithrombotic therapy in
head and neck free tissue transfer: analysis of 1,351 cases in a
single center. Microsurgery. 2012;32:339-343.

11. Zhou W, Zhang WB, Yu Y, et al. Are antithrombotic agents
necessary for head and neck microvascular surgery? Int | Oral
Maxillofac Surg. 2019;48:869-874.

12. Wu K, Gong Z, Wu H, et al. Evaluating the role of low molec-
ular heparin to prevent anterolateral thigh flap compromise
in 2460 head and neck defect cases. | Oral Maxillofac Surg.
2022;80:944-948.

13. Filipan D, Dediol E, Blivajs I, et al. The effects of dextran-40 on
postoperative thrombosis and hemodilution in microvascular
head and neck reconstruction. Ann Plast Surg. 2020;85:38—42.


mailto:mcchen23@vghtpe.gov.tw
https://doi.org/10.1016/j.joms.2016.09.025
https://doi.org/10.1016/j.joms.2016.09.025
https://doi.org/10.1016/j.joms.2016.09.025
https://doi.org/10.1093/eurheartj/ehw550
https://doi.org/10.1093/eurheartj/ehw550
https://doi.org/10.1016/j.bjoms.2022.07.016
https://doi.org/10.1016/j.bjoms.2022.07.016
https://doi.org/10.1016/j.bjoms.2022.07.016
https://doi.org/10.1016/j.bjoms.2022.07.016
https://doi.org/10.1097/PRS.0000000000001100
https://doi.org/10.1097/PRS.0000000000001100
https://doi.org/10.1097/PRS.0000000000001100
https://doi.org/10.1055/s-2004-833500
https://doi.org/10.1055/s-2004-833500
https://doi.org/10.1055/s-2004-833500
https://doi.org/10.1055/s-0037-1606346
https://doi.org/10.1055/s-0037-1606346
https://doi.org/10.1055/s-0037-1606346
https://doi.org/10.1055/s-0037-1606346
https://doi.org/10.1097/00006534-199509000-00017
https://doi.org/10.1097/00006534-199509000-00017
https://doi.org/10.1097/PRS.0b013e31824ec33f
https://doi.org/10.1097/PRS.0b013e31824ec33f
https://doi.org/10.1097/PRS.0b013e31824ec33f
https://doi.org/10.1055/s-0033-1343950
https://doi.org/10.1055/s-0033-1343950
https://doi.org/10.1055/s-0033-1343950
https://doi.org/10.1002/micr.21958
https://doi.org/10.1002/micr.21958
https://doi.org/10.1002/micr.21958
https://doi.org/10.1002/micr.21958
https://doi.org/10.1016/j.ijom.2018.10.022
https://doi.org/10.1016/j.ijom.2018.10.022
https://doi.org/10.1016/j.ijom.2018.10.022
https://doi.org/10.1016/j.joms.2022.01.005
https://doi.org/10.1016/j.joms.2022.01.005
https://doi.org/10.1016/j.joms.2022.01.005
https://doi.org/10.1016/j.joms.2022.01.005
https://doi.org/10.1097/SAP.0000000000002148
https://doi.org/10.1097/SAP.0000000000002148
https://doi.org/10.1097/SAP.0000000000002148

Lin and Chen * Dextran-40 Reduces Partial Flap Failure

14.
15.

16.

17.

18.

19.

20.

21.

22,

23.
24.
25.

26.

28.

29.

Keith JN, Chong TW, Davar D, et al. The timing of preoperative
prophylactic low-molecular-weight heparin administration in
breast reconstruction. Plast Reconstr Surg. 2013;132:279-284.
Lighthall JG, Cain R, Ghanem TA, et al. Effect of postoperative
aspirin on outcomes in microvascular free tissue transfer surgery.
Otolaryngol Head Neck Surg. 2013;148:40-46.

Disa JJ, Polvora VP, Pusic AL, et al. Dextran-40-related complica-
tions in head and neck microsurgery: do the benefits outweigh
the risks? A prospective randomized analysis. Plast Reconstr Surg.
2003;112:1534-1539.

Numajiri T, Sowa Y, Nishino K, et al. Use of systemic low-dose
unfractionated heparin in microvascular head and neck recon-
struction: influence in free-flap outcomes. J Plast Surg Hand Surg.
2016;50:135-141.

Higgins JPT, Thomas J, Chandler ], et al, eds. Cochrane
Handbook for Systematic Reviews of Interventions. Version 6.3.
Chichester, UK: Wiley; 2019. Available at www.training.cochrane.
org/handbook. Updated February 2022.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
PLoS Med. 2009;6:¢1000100.

Nelson JA, Chung CU, Bauder AR, et al. Prevention of throm-
bosis in hypercoagulable patients undergoing microsurgery:
a novel anticoagulation protocol. | Plast Reconstr Aesthet Surg.
2017;70:307-312.

Sun TB, Chien SH, Lee JT, et al. Is dextran-40 infusion as an anti-
thrombotic agent necessary in microvascular reconstruction of the
upper aerodigestive tract? | Reconstr Microsurg. 2003;19:463-466.
Ekin Y, Giintigen I, Ozdemir OY, et al. Effect of coagulation
status and co-morbidity on flap success and complications in
patients with reconstructed free flap. Turk | Anaesthesiol Reanim.
2019;47:98-106.

Enajat M, Aziz Mohammadi M, Debeij |, et al. Effect of acetyl-
salicylic acid on microvascular thrombosis in autologous breast
reconstruction. J Reconstr Microsurg. 2014;30:65-70.

Karamanos E, Hazboun R, Saad N, et al. Full versus baby dose
aspirin for antithrombotic prophylaxis in free tissue transfer:
does size matter? Plast Reconstr Surg Glob Open. 2022;10:4719.
Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in meta-
analyses. Eur [ Epidemiol. 2010;25:603-605.

Angiolillo DJ, Prats ], Deliargyris EN, et al. Pharmacokinetic and
pharmacodynamic profile of a novel phospholipid aspirin for-
mulation. Clin Pharmacokinet. 2022;61:465-479.

. Jahr JS, Searle S, McCallum S, et al. Platelet function: meloxicam

intravenous in whole blood samples from healthy volunteers.
Clin Pharmacol Drug Dev. 2020;9:841-848.

Braune S, Kiipper JH, Jung F. Effect of prostanoids on human
platelet function: An overview. Int | Mol Sci . 2020;21:9020.
Kuwahara H, Fazhi Q, Sugihara T, et al. The effects of lipo-
prostaglandin E1 on axial pattern flaps in rabbits. Ann Plast Surg.
1995;35:620-626.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Beurskens DMH, Huckriede JP, Schrijver R, et al. The antico-
agulant and nonanticoagulant properties of heparin. Thromb
Haemost. 2020;120:1371-1383.

Jones CI, Payne DA, Hayes PD, et al. The antithrombotic effect of
dextran-40 in man is due to enhanced fibrinolysis in vivo. J Vasc
Surg. 2008;48:715-722.

Bui DT, Cordeiro PG, Hu QY, et al. Free flap reexploration: indi-
cations, treatment, and outcomes in 1193 free flaps. Plast Reconstr
Surg. 2007;119:2092-2100.

Swartz JE, Aarts MC, Swart KM, et al. The value of postoperative
anticoagulants to improve flap survival in the free radial forearm
flap: a systematic review and retrospective multicentre analysis.
Clin Otolaryngol. 2015;40:600-609.

Stepanovs J, Ozolina A, Rovite V, et al. Factors affecting the risk
of free flap failure in microvascular surgery. Proc Latv Acad Sci Sect
B. 2016;70:356-364.

Chang EI, Zhang H, Liu |, et al. Analysis of risk factors for flap
loss and salvage in free flap head and neck reconstruction. Head
Neck. 2016;38:E771-E775.

Kruse AL, Luebbers HT, Gratz KW, et al. Factors influencing sur-
vival of free-flap in reconstruction for cancer of the head and
neck: a literature review. Microsurgery. 2010;30:242-248.

Rieck B, Mailander P, Machens HG. Vascular complications after
free tissue transfer. Microsurgery. 1995;16:400-403.

Serletti JM, Higgins JP, Moran S, et al. Factors affecting out-
come in free-tissue transfer in the elderly. Plast Reconstr Surg.
2000;106:66-70.

Chang EI, Carlsen BT, Festekjian JH, et al. Salvage rates of com-
promised free flap breast reconstruction after recurrent throm-
bosis. Ann Plast Surg. 2013;71:68-71.

Koshima I, Fukuda H, Yamamoto H, et al. Free anterolateral
thigh flaps for reconstruction of head and neck defects. Plast
Reconstr Surg. 1993;92:421-8; discussion 429-430.

Siemionow M, Arslan E. Ischemia/reperfusion injury: a review in
relation to free tissue transfers. Microsurgery. 2004;24:468-475.
Yang Q, Ren ZH, Chickooree D, et al. The effect of early detec-
tion of anterolateral thigh free flap crisis on the salvage success
rate, based on 10 years of experience and 1072 flaps. Int | Oral
Maxillofac Surg. 2014;43:1059-1063.

Min K, Hong JP, Suh HP. Risk factors for partial flap loss in a
free flap: a 12-year retrospective study of anterolateral thigh
free flaps in 303 lower extremity cases. Plast Reconstr Surg.
2022;150:1071e-1081e.

Jin §], Suh HP, Lee ], et al. Lipo-prostaglandin El increases
immediate arterial maximal flow velocity of free flap in patients
undergoing reconstructive surgery. Acta Anaesthesiol Scand.
2019;63:40-45.

Kaplan Al, Sabin S. Dextran 40: another cause of drug-induced
noncardiogenic pulmonary edema. Chest. 1975;68:376-377.
Hein KD, Wechsler ME, Schwartzstein RM, et al. The adult
respiratory distress syndrome after dextran infusion as an anti-
thrombotic agent in free TRAM flap breast reconstruction. Plast
Reconstr Surg. 1999;103:1706-1708.

11


https://doi.org/10.1097/PRS.0b013e318295870e
https://doi.org/10.1097/PRS.0b013e318295870e
https://doi.org/10.1097/PRS.0b013e318295870e
https://doi.org/10.1177/0194599812463320
https://doi.org/10.1177/0194599812463320
https://doi.org/10.1177/0194599812463320
https://doi.org/10.1097/01.PRS.0000083378.58757.54
https://doi.org/10.1097/01.PRS.0000083378.58757.54
https://doi.org/10.1097/01.PRS.0000083378.58757.54
https://doi.org/10.1097/01.PRS.0000083378.58757.54
https://doi.org/10.3109/2000656X.2015.1125359
https://doi.org/10.3109/2000656X.2015.1125359
https://doi.org/10.3109/2000656X.2015.1125359
https://doi.org/10.3109/2000656X.2015.1125359
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1016/j.bjps.2016.12.001
https://doi.org/10.1016/j.bjps.2016.12.001
https://doi.org/10.1016/j.bjps.2016.12.001
https://doi.org/10.1016/j.bjps.2016.12.001
https://doi.org/10.1055/s-2003-44634
https://doi.org/10.1055/s-2003-44634
https://doi.org/10.1055/s-2003-44634
https://doi.org/10.5152/TJAR.2019.07752
https://doi.org/10.5152/TJAR.2019.07752
https://doi.org/10.5152/TJAR.2019.07752
https://doi.org/10.5152/TJAR.2019.07752
https://doi.org/10.1055/s-0033-1356553
https://doi.org/10.1055/s-0033-1356553
https://doi.org/10.1055/s-0033-1356553
https://doi.org/10.1097/GOX.0000000000004719
https://doi.org/10.1097/GOX.0000000000004719
https://doi.org/10.1097/GOX.0000000000004719
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s40262-021-01090-2
https://doi.org/10.1007/s40262-021-01090-2
https://doi.org/10.1007/s40262-021-01090-2
https://doi.org/10.1002/cpdd.772
https://doi.org/10.1002/cpdd.772
https://doi.org/10.1002/cpdd.772
https://doi.org/10.3390/ijms21239020
https://doi.org/10.3390/ijms21239020
https://doi.org/10.1097/00000637-199512000-00011
https://doi.org/10.1097/00000637-199512000-00011
https://doi.org/10.1097/00000637-199512000-00011
https://doi.org/10.1055/s-0040-1715460
https://doi.org/10.1055/s-0040-1715460
https://doi.org/10.1055/s-0040-1715460
https://doi.org/10.1016/j.jvs.2008.04.008
https://doi.org/10.1016/j.jvs.2008.04.008
https://doi.org/10.1016/j.jvs.2008.04.008
https://doi.org/10.1097/01.prs.0000260598.24376.e1
https://doi.org/10.1097/01.prs.0000260598.24376.e1
https://doi.org/10.1097/01.prs.0000260598.24376.e1
https://doi.org/10.1111/coa.12425
https://doi.org/10.1111/coa.12425
https://doi.org/10.1111/coa.12425
https://doi.org/10.1111/coa.12425
https://doi.org/10.1515/prolas-2016-0039
https://doi.org/10.1515/prolas-2016-0039
https://doi.org/10.1515/prolas-2016-0039
https://doi.org/10.1002/hed.24097
https://doi.org/10.1002/hed.24097
https://doi.org/10.1002/hed.24097
https://doi.org/10.1002/micr.20758
https://doi.org/10.1002/micr.20758
https://doi.org/10.1002/micr.20758
https://doi.org/10.1002/micr.1920160610
https://doi.org/10.1002/micr.1920160610
https://doi.org/10.1097/00006534-200007000-00012
https://doi.org/10.1097/00006534-200007000-00012
https://doi.org/10.1097/00006534-200007000-00012
https://doi.org/10.1097/SAP.0b013e31824680c8
https://doi.org/10.1097/SAP.0b013e31824680c8
https://doi.org/10.1097/SAP.0b013e31824680c8
https://doi.org/10.1097/00006534-199309000-00005
https://doi.org/10.1097/00006534-199309000-00005
https://doi.org/10.1097/00006534-199309000-00005
https://doi.org/10.1002/micr.20060
https://doi.org/10.1002/micr.20060
https://doi.org/10.1016/j.ijom.2014.06.003
https://doi.org/10.1016/j.ijom.2014.06.003
https://doi.org/10.1016/j.ijom.2014.06.003
https://doi.org/10.1016/j.ijom.2014.06.003
https://doi.org/10.1097/PRS.0000000000009646
https://doi.org/10.1097/PRS.0000000000009646
https://doi.org/10.1097/PRS.0000000000009646
https://doi.org/10.1097/PRS.0000000000009646
https://doi.org/10.1111/aas.13217
https://doi.org/10.1111/aas.13217
https://doi.org/10.1111/aas.13217
https://doi.org/10.1111/aas.13217
https://doi.org/10.1378/chest.68.3.376
https://doi.org/10.1378/chest.68.3.376
https://doi.org/10.1097/00006534-199905060-00022
https://doi.org/10.1097/00006534-199905060-00022
https://doi.org/10.1097/00006534-199905060-00022
https://doi.org/10.1097/00006534-199905060-00022

