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Background: Scarce data is available on therapeutic anticoagulation (AC) in patients undergoing 
pulmonary transplantation. We describe our institutional experience with AC-induced coagulopathy in 
recipients at the time of transplantation and evaluate its impact on posttransplant outcomes.
Methods: Records of adult patients on therapeutic AC at the time of lung transplantation from January 
2014 to July 2021 were reviewed. Administration of preoperative pharmacologic reversal was assessed, with 
adequate reversal defined as international normalized ratio (INR) ≤1.5. We evaluated the incidence of major 
bleeding complications [delayed sternal closure, reoperation due to bleeding, chest tube output ≥1,500 cc, 
≥4 units of packed red blood cells, ≥4 units of platelets, or ≥5 units of fresh frozen plasma (FFP)], major 
thrombotic complications [venous thromboembolism (VTE) or other major thrombosis on imaging], and 
inpatient mortality. 
Results: Of 602 lung transplant recipients, 10 patients taking preoperative warfarin were included in the 
study. While most patients received pharmacologic reversal preoperatively (n=9, 90%), successful reversal 
was rarely achieved (n=3, 30%). Inadequate INR reversal was associated with major bleeding events (n=6, 
60%). Major thrombotic complications were more frequent (n=7, 70%) than bleeding events. Notably, all 
fatalities within the cohort (n=2, 20%) were associated with thrombotic, but not bleeding, complications. 
Conclusions: This is the first known report on the incidence and impact of AC-induced coagulopathy in 
patients undergoing lung transplantation. Major thrombotic events are frequent and associated with high 
mortality. Routine surveillance and treatment may be warranted. 
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Introduction

Pulmonary transplant recipients possess a drastically 
heightened vulnerability for perioperative thrombotic 
complications. Estimates have reported that 17–30% of lung 
transplant recipients develop venous thromboembolism 
(VTE) by 30 days after transplantation, and VTE incidence 
rises up to 40–64% by 4 years (1-5). Early VTE is especially 
frequent in these patients, with a median time from lung 
transplantation to VTE diagnosis of 17–20 days (1,2). These 
remarkable rates of thrombotic complications surpass those 
reported after other surgical procedures, including thoracic 
surgery (12%) and other types of solid organ transplantation 
(3–17%) (6-9). Previously identified risk factors for VTE 
after lung transplantation include history of prior VTE, 
increased age, decreased mobility, indwelling lines, and 
pro-thrombotic immunosuppressive medications (10-13). 
Moreover, the lung transplantation procedure itself may 
induce a hypercoagulable state due to increased coagulation 
factor VIII, increased thrombomodulin resistance and 
decreased circulating proteins C and S (14). Despite this 
predilection for thromboses, there remains no best practice 
for anticoagulation (AC) management in these high-risk 
patients, and a wide degree of variability in practices and 
preferences exists among transplant centers (15).

Appropriate reversal of AC-associated coagulopathy 
at the time of surgery is imperative for minimizing 
blood transfusion requirements, which are associated 
with significantly worsened survival in lung transplant 
recipients (16,17). Standard recommendations for 
adequate international normalized ratio (INR) reduction 
preoperatively advocate for discontinuation of AC  
5 days prior to surgery (18). However, the unplanned 
nature of donor availability precludes this practice in 
transplant recipients. Although no guidelines exist for lung 
transplantation, the International Society of Heart and Lung 
Transplantation recommends an INR ≤1.5 prior to heart 
transplantation (19). Different agents such as vitamin K,  
fresh frozen plasma (FFP), and prothrombin complex 
concentrate (PCC) have been used to achieve this goal. 
However, these reversal strategies have several limitations, 
such as delayed INR normalization with vitamin K 
administration. Additionally, while the onset of action of 
FFP is more rapid than vitamin K, it remains limited by a 
prolonged thawing time, larger necessary volumes, required 
ABO compatibility, and the possibility of transfusion-
related lung injury. PCC is a more costly alternative to FFP 
that acts rapidly and eliminates the need for crossmatching, 

but the risks and benefits of PCC use have not been fully 
elucidated in this population. 

We sought to quantify the prevalence of preoperative 
therapeutic AC use within our institutional cohort of lung 
transplant recipients and describe our experiences with 
pharmacologic reversal strategies. Additionally, we aimed to 
identify potential associations with bleeding and thrombotic 
complications within this cohort. To our knowledge, this 
is the largest study to date evaluating therapeutic AC 
use in recipients undergoing pulmonary transplantation 
and associated perioperative outcomes. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-300/rc).

Methods

We performed a single center, retrospective cohort study 
of all adult (≥18 years old) lung transplant recipients taking 
preoperative therapeutic AC up to the day of pulmonary 
transplantation between January 1, 2014 and July 1, 2021. 
Data was collected from our institutional transplant 
recipient database and from the electronic medical records.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
protocol was deemed exempt by the institutional review 
board of Washington University School of Medicine, and 
individual consent for this retrospective analysis was waived.

We reviewed preoperative patient factors, including 
sex, age, indication for lung transplant, and indication 
for AC. We also reviewed pharmacologic reversal agents 
administered prior to transplantation and coagulation 
studies. The last INR value prior to entering the operating 
room was utilized to evaluate adequacy of preoperative INR 
reversal, which was defined as INR ≤1.5. We assessed the 
use of cardiopulmonary bypass (CPB) or extracorporeal 
membrane oxygenation (ECMO) during transplantation, 
major bleeding and thrombotic complications intra- and 
postoperatively, and inpatient mortality. Major bleeding 
complications were defined as delayed sternal closure due to 
bleeding, or any of the following within 24 hours from the 
start of surgery: reoperation for bleeding, chest tube output 
≥1,500 cc, transfusion ≥4 units packed red blood cells,  
≥4 units platelets, or ≥5 units FFP (16). Blood products 
were transfused at the discretion of the transplant surgeons, 
anesthesia team, or critical care team. Major thrombotic 
complications were defined as acute deep vein thrombosis, 
pulmonary embolism, cerebrovascular accident, or other 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-300/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-300/rc
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major thrombosis identified on imaging (such as extensive 
intra-cardiac thrombus or acute mesenteric ischemia due 
to thromboembolism) within 30 days after transplantation. 
All imaging was obtained due to clinical suspicion and no 
surveillance testing was performed. 

Statistical analysis

Categorical variables were reported as counts and 
percentages. Results include average and range values and n 
values are provided in the results and tables. Survival curve 
was generated using Excel Microsoft (version 16.54) by 
calculating the Kaplan-Meyer survival time function. 

Results

Patient characteristics

Of 602 lung transplant recipients, 10 patients taking 
preoperative warfarin were included in the study (Table 1). 
One patient taking enoxaparin was excluded. The most 

common underlying lung disease was interstitial lung 
disease (n=5, 50%) and the most common indication for 
preoperative AC was VTE (n=7, 70%), including deep 
venous thrombosis in 5 patients and pulmonary embolism 
in 4 patients (Table 1). Other indications for AC included 
atrial fibrillation (n=2, 20%) and pulmonary arterial 
hypertension (n=1, 10%). The distribution of cases was 
fairly consistent over time, with at least one patient who 
underwent transplantation each year between 2014 and 
2020 (Table 2). Bilateral lung transplantation was performed 
in all cases except one patient who underwent single lung 
transplantation due to hemodynamic instability (patient 10 
in Table 2). 

Details regarding reversal strategies utilized for each 
patient are outlined in Table 2. Many patients took a dose 
of oral vitamin K (2.5–10 mg) when called in, per our 
institutional practice. Most INR levels upon hospital arrival 
exceeded standard recommendations (n=9, 90%). However, 
additional preoperative reversal was not always administered 
in these cases (n=7, 78%). There was wide variation in 
the total preoperative dose of reversal administered to 
each patient. Two patients received preoperative blood 
products in addition to vitamin K, including one patient 
who received two units of FFP (initial INR 2.5), and one 
patient who received 1,622 units of PCC (28 units/kg, 
initial INR 2.3). Despite these efforts, most patients did not 
achieve adequate INR reversal prior to lung transplantation 
(n=7, 70%). Notably, all patients who required mechanical 
circulatory support had inadequate INR reversal. 

No patients developed severe primary graft dysfunction. 
Excluding the two cases of early mortality due to 
thrombotic complications (patients 7 and 10 in Table 2), 
posttransplant survival exceeded one year and appeared 
to be comparable to general outcomes following lung 
transplantation (Figure 1).

Bleeding complications

Major bleeding complications occurred in six patients 
(n=6, 60%). Importantly, all patients who suffered bleeding 
complications had inadequate INR reversal preoperatively 
except for one patient (Tables 3,4). There were four recipients 
with an open chest at the time of transplantation, which 
included one patient with an INR of 2.3 upon entering the 
operating room who required reoperation within 24 hours 
due to ongoing transfusion requirements with over five 
liters of chest tube output (Table 2). In summary, nearly half 
of all patients within the cohort required delayed closure or 

Table 1 Summary of preoperative warfarin use in lung transplant 
recipients

Recipient factors N

Lung transplant recipients

Total 602

Preoperative warfarin 10 (2%)

Diagnosis

ILD 5 (50%)

A1A 1

CF 1

COPD 1

PAH 1

SARC 1

Indication for AC

VTE 7 (70%)

AF 2 

PAH 1 

ILD, interstitial lung disease; A1A, alpha-1-antitrypsin deficiency; 
CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease; 
PAH, pulmonary arterial hypertension; SARC, sarcoidosis; 
AC, anticoagulation; VTE, venous thromboembolism; AF, atrial 
fibrillation. 
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reoperation within 24 hours due to ongoing bleeding, which 
was always associated with inadequate INR reversal (n=4, 
40%, INR 1.9–2.5). Within the first 24 hours, recipients 
who had inadequate INR reversal received an average of six 
units of red blood cells, two units of platelets, and five units 
of FFP (compared to an average of two units of red blood 
cells, zero units of platelets, and one unit of FFP in those 
with adequate INR reversal). 

Thrombotic complications

Despite AC-induced coagulopathy on admission, major 
thrombotic complications (n=7, 70%) were more frequent 
than bleeding complications (Table 4). Acute deep venous 
thrombosis was the most common thrombotic event 
(n=5, 50%), followed by arterial thromboembolism in the 
setting of atrial fibrillation (n=2, 20%), and cerebrovascular 
accident (n=1, 10%) (Table 2). Importantly, all inpatient 
fatalities which occurred within the cohort (n=2, 20%) 
were associated with thrombotic, but not bleeding, 
complications. One inpatient death occurred within  
48 hours after transplantation due to cardiac arrest during 
reoperation with extensive intra-cardiac thrombosis on 
transesophageal echocardiogram. Another inpatient death 

occurred approximately 2 weeks after transplantation after 
developing atrial fibrillation with hemodynamic instability 
and imaging findings consistent with acute mesenteric 
ischemia who died within 24 hours of these findings. 
Notably, none of the patients in this cohort were initially 
restarted on therapeutic AC postoperatively. Additionally, 
only 3 of the 8 patients who survived to hospital discharge 
were prescribed therapeutic AC (Figure 1). 

Conclusions

This study highlights several important points to consider 
for patients taking preoperative therapeutic AC prior 
to lung transplantation. First, initial INR levels in these 
patients exceeded standard preoperative recommendations 
due to the unpredictable timing of transplantation. 
Second, adequate INR reversal was rarely achieved prior to 
transplantation, despite administration of pharmacologic 
reversal to nearly all patients. Third, inadequate INR 
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Figure 1 Overall survival for lung transplant recipients taking 
preoperative warfarin. AC, anticoagulation. 

Table 3 Summary of AC reversal (n=10)

INR reversal N [%]

Attempted INR reversal 9 [90]

Adequate INR (≤1.5) before transplant 3 [30]

Inadequate INR (>1.5) before transplant 7 [70]

AC, anticoagulation; INR, international normalized ratio.

Table 4 Summary of postoperative events (n=10)

Postoperative events N [%]

Major bleeding event 

Total 6 [60]

ECMO 2 [33]*

CPB 3 [50]*

Delayed sternal closure 4 [40]*

Reoperation <24 hours for ongoing bleeding 2 [20]*

Chest tube output >1,500 cc <24 hours 3 [30]*

Transfusion ≥4 U RBC <24 hours 6 [60]

Transfusion ≥4 U platelets <24 hours 4 [40]*

Transfusion ≥5 U FFP <24 hours 3 [30]*

Major thrombotic event

Total 7 [70]

ECMO 2 [33]*

CPB 2 [33]*

VTE <30 days 5 [50]

Fatal thrombotic event 2 [20]*

*, all patients had inadequate INR reversal. ECMO, extracorporeal 
membrane oxygenation; CPB, cardiopulmonary bypass; RBC, 
red blood cells; U, units; FFP, fresh frozen plasma; VTE, venous 
thromboembolism; INR, international normalized ratio. 
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reversal was frequently associated with major bleeding 
complications including higher transfusion requirements, 
delayed sternal closure, and urgent reoperation due to 
ongoing bleeding. Fourth, therapeutic AC was rarely 
restarted during hospitalization or at hospital discharge. 
Lastly, major thrombotic events were more frequent than 
bleeding complications and were associated with inpatient 
mortality.

There are no current guidelines regarding appropriate 
management and reversal of AC in lung transplant recipients. 
Only one prior study investigated preoperative AC and 
reversal in patients undergoing lung transplantation, 
which included four patients on warfarin who received 
PCC reversal (21). One other case report described a 
patient on rivaroxaban who underwent bilateral lung 
transplantation without reversal and no major bleeding 
events (22). No known study to date has compared AC 
agents or reversal strategies in patients undergoing lung 
transplantation. Administration of blood products such 
as FFP and PCC carry several risks relevant to transplant 
recipients. Interestingly, both patients within our cohort 
who developed fatal thrombotic complications received 
PCC perioperatively. Given the lack of available data 
addressing this challenging clinical dilemma, it is critical to 
elucidate best AC practices in order to reduce perioperative 
complications and mortality. 

We have identified several perioperative management 
strategies to help mitigate the risks associated with 
preoperative AC before lung transplantation. For patients 
on the waiting list, AC indication should be carefully 
reviewed and AC should be discontinued in cases without 
a clear thrombotic indication (e.g., patient 4 in our 
series, Table 2). Currently, not enough evidence exists to 
support the use of certain AC agents over others in these 
patients, but future investigation is warranted in this area. 
For patients taking warfarin who are called in for lung 
transplantation, we strongly recommend the establishment 
of a defined protocol to ensure prompt reversal prior 
to surgery. We have outlined a perioperative protocol 
based on our experience (Figure 2) (19,23,24). Studies in 
other patient populations have demonstrated that PCC 
may be superior to FFP for successfully achieving INR 
reversal with more rapid onset and smaller fluid volumes 
(25,26). However, our own observations suggest that PCC 
may be associated with thrombotic complications in this 
patient population. Thus, we prefer the use of FFP for 
preoperative INR reversal over PCC in this clinical setting. 
Further studies evaluating the use of FFP and PCC in lung 

transplant recipients is crucial. Another important factor 
to consider in these patients is timing of transplantation. 
Our group has previously demonstrated that nighttime 
lung transplantation is associated with an increased risk of 
postoperative complications (20). While only two patients 
in our study underwent nighttime transplantation, both 
patients had inadequate INR reversal prior to surgery and 
subsequently experienced both bleeding and thrombotic 
complications (Table 2). Thus, deferring transplantation 
until daytime hours should be considered in these patients 
whenever possible due to the increased monitoring and 
treatment necessary to achieve adequate INR reversal. 
Our data suggests early resumption of AC therapy 
postoperatively may decrease adverse thrombotic events in 
these patients. Prior studies have documented alarmingly 
high rates of inpatient VTE in patients following lung 
transplantation without baseline increased risk, with 
estimates up to 64% despite mechanical and pharmacologic 
prophylaxis (3,4). Importantly, the development of VTE 
has been significantly associated with reduced survival 
following lung transplantation, even with upper extremity 
or below-the-knee deep venous thrombosis (1,3,4). Thus, 
routine surveillance with screening duplex ultrasound may 
be warranted in the acute postoperative period (1,2). While 
inferior vena cava filter insertion may be considered as an 
adjunct to therapy in these patients, AC provides additional 
benefit from other thrombotic complications and avoids the 
procedural risks related to filter placement. In summary, 
we believe that successful transplantation with favorable 
outcomes is feasible in patients taking preoperative AC, but 
adequate reversal of coagulopathy and proper resumption of 
AC is crucial.

Several limitations exist within our study, including the 
retrospective design which limits any definitive assumptions 
regarding outcomes, as well as the small sample size from 
a single institution, which limits the generalizability of our 
findings. Our study does not account for all variables which 
may have potentially impacted bleeding and thrombotic 
outcomes, such as surgeon experience. However, we do not 
believe this played a significant role in these patients, since 
all cases in this series were performed by thoracic surgery 
faculty with expertise in lung transplantation. Imaging 
to evaluate for postoperative VTE was only obtained in 
a subset of patients. Thus, the incidences of VTE in our 
cohort should represent minimum values, as surveillance 
screening was not performed and the sensitivity limitations 
of available diagnostic imaging. Additionally, no serial or 
longitudinal follow-up studies were obtained. Consequently, 
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PRE-operative

Patient taking warfarin 
added to lung transplant 

waitlist

Re-evaluate 
thrombotic 

risk

Definite AC
indication

Continue warfarin

Suitable donor 
identified

Administer 10 mg IV 
vitamin K

Consider delaying 
transplantation to daytime

Consider delaying 
transplantation >24 hours

Administer 
2 units FFP 

or 
25 units/kg PCC

Administer 
1 unit FFP

or
25 units/kg PCC

Re-check INR 15 minutes 
after complete

Consider lower ACT 
goal if MCS required

Resume therapeutic 
AC within 72 hours 
after chest closure

Consider screening venous 
duplex ultrasound at day 14 
or prior to hospital discharge

Ensure therapeutic 
AC prescribed at 

hospital discharge

Check INR every  
60 minutes

Maintain INR <1.5 

*Consider administration of a loop diuretic between FFP infusions to avoid volume overload.

Repeat INR
>1.5

Proceed with 
surgery

Yes

Yes

INR <3.5 INR ≥3.5

No

No

*

INR on 
arrival
>1.5

Proceed with 
surgery

No definite 
AC indication

Discontinue 
warfarin

INTRA-operative POST-operative

patients may have had undetected or subsequent VTE 
with potential adverse effects on survival which were not 
ascertained. The subjective, non-randomized clinical 
decision-making may have led to overestimation of major 

bleeding events. However, all except two patients who 
experienced major bleeding events met multiple criteria 
including objective measures such as chest tube output.

This is the largest study to date reporting the incidence 

Figure 2 Perioperative guideline for lung transplant recipients taking preoperative warfarin. AC, anticoagulation; INR, international 
normalized ratio; IV, intravenous; FFP, fresh frozen plasma; ACT, activated coagulation time; MCS, mechanical circulatory support; ECMO, 
extracorporeal membrane oxygenation; PCC, prothrombin complex concentrate. 
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of AC use in patients undergoing lung transplantation and 
the impact of AC-induced coagulopathy on outcomes after 
lung transplantation. Inadequate INR reversal appears to be 
associated with major bleeding complications. Indication for 
AC should be carefully reconsidered at time of listing and 
coagulopathy adequately corrected prior to transplantation 
to minimize this risk. While VTE incidence may not differ 
drastically from other patients after lung transplantation, 
patients with a preoperative indication for AC may suffer 
increased mortality with development of major thrombotic 
complications. Establishment of guidelines to ensure 
successful INR reversal preoperatively and prompt AC re-
initiation postoperatively is paramount to improve clinical 
outcomes in patients taking therapeutic AC prior to lung 
transplantation. 
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