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Objective: Previous studies reported a poor outcome in patients with coronavirus 2019 (COVID-19) undergoing cardiac surgery.

Complications most frequently described were respiratory failure, renal failure, and thromboembolic events. In their recent experi-

ence, the authors observed a very high incidence of bleeding complications. The purpose of the study was to investigate a possible

significant correlation between perioperative COVID-19 infection and hemorrhagic complications compared to non-COVID-19

patients.

Design: Single-center, observational, retrospective, matched case-control (1:2) study involving patients who underwent open-heart cardiac sur-

gery from February 2020 and March 2021 with positive perioperative diagnosis of COVID-19 infection, matched with patients without COVID-

19 infection.

Setting: Cardiac surgery unit and intensive care unit of a university tertiary center in a metropolitan area.

Participants: In the study period, 773 patients underwent cardiac surgery on cardiopulmonary bypass (CPB). Among them, 23 consecutive

patients had perioperative diagnosis of COVID-19 infection (study group). These patients were compared with 46 corresponding controls (con-

trol group) that matched for age, sex, body mass index, and Society of Thoracic Surgeons score.

Interventions: Open-heart cardiac surgery on CPB.

Measurements and Main Results: In the study group, 2 patients (9%) died in the intensive care unit from severe respiratory failure, shock, and

multiple organ failure. In the study group, patients showed a significantly higher incidence of bleeding complications (48% v 2%, p = 0.0001)

and cases of surgical reexploration for bleeding (35% v 2%, p = 0.0001), a higher incidence of severe postoperative thrombocytopenia (39% v

6%, p = 0.0007), and a higher need of blood components transfusions (74% v 30%, p = 0.0006). Chest tubes blood loss and surgical hemostasis

time were markedly prolonged (p = 0.02 and p = 0.003, respectively).
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Conclusions: A worrisome increased risk of early and late bleeding complications in COVID-19 patients was observed, and it should be consid-

ered when assessing the operative risk. CPB-related inflammatory reaction could exacerbate the deleterious effect of COVID-19 on the coagula-

tion system and likely deviate it toward a hemorrhagic pattern.

� 2021 Elsevier Inc. All rights reserved.
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THE SEVERE acute respiratory syndrome coronavirus-2

(SARS-COV-2) infection pandemic has markedly affected sur-

gical activity and, in particular, cardiac surgery, worldwide.1-7

In many centers, the number of elective surgical cases

decreased and patients undergoing surgery that could no longer

be delayed experienced worse outcomes, with increased mor-

tality rate and postoperative complications incidence.1,5,7-9

Among patients with coronavirus disease 2019 (COVID-19),

the most frequent complications included interstitial pneumo-

nia with respiratory failure and acute respiratory distress syn-

drome (ARDS), acute renal failure, and thromboembolic

events.1,6-15 However, during surgery in patients with COVID-

19, less perioperative bleeding was observed and has not been

thoroughly investigated. Moreover, data regarding postopera-

tive bleeding were limited.

Main endpoint of the present study was to evaluate if

patients with perioperative COVID-19 who underwent cardiac

surgery with cardiopulmonary bypass (CPB) presented an

increased risk of hemorrhagic complications. More specifi-

cally, the authors considered as “hemorrhagic complications”

the rate of surgical reexploration for bleeding (via mediastinal

revision through full resternotomy or subxiphoid pericardial

drainage), intracranial hemorrhage, and massive hemorrhagic

pleural effusion requiring drainage.

The mortality rate, the incidence of severe thrombocytope-

nia, need for blood components transfusions and procoagulant

drugs, length of surgical hemostasis time (SHT), blood loss

from drains, and length of hospitalization also were ana-

lyzed.12-15 The aim of this study was to evaluate whether pos-

sible inflammatory reactions associated with perioperative

COVID-19 infection could contribute to coagulation derange-

ments of CPB and, consequently, significantly increase the

risk for hemorrhagic complications.

Methods

The present study was a retrospective, matched (1:2), case-

control analysis. Data were acquired from an electronic data-

base of patients undergoing elective, urgent, or emergency car-

diac surgery requiring CPB. Patients underwent surgery in the

authors’ cardiac surgery unit from February 2020 to March

2021. The study was approved by the Ethics Committee of the

authors’ University Polyclinic (Approval number: 0051824/

20; Protocol ID 3663). Given the retrospective nature of the

study and the use of anonymized patient data, requirements for

ad hoc patient consent were waived.

Due to the severity of the COVID-19 pandemic, in the

authors’ region, surgical activity was markedly reduced in
most hospitals, and patients with a need for cardiac surgery

were compelled to concentrate in a few metropolitan centers,

including the authors’ Polyclinic. Regardless, in the authors’

center an overall reduction of 87 cardiac surgery cases from

2019 to 2020 was recorded.

As a regional reference center for COVID-19 care, in the

study period, this hospital admitted more than 4,800 patients

with COVID-19 (more than 450 of these patients were hospi-

talized in the intensive care unit). Except for patients with

type-A aortic dissection, the surgical indication of patients

with COVID-19 was, in all instances, validated by the internal

Institutional Heart Team and was deemed urgent or delayable

(due to unstable angina or chest pain, heart failure, endocardi-

tis, large aneurysm, or rapid aneurysmal growth).

Diagnosis of SARS-CoV-2 infection was confirmed via pos-

itive throat swab test and real-time polymerase chain reaction

assay, which were routinely performed at prehospitalization,

on admission, and daily during the postoperative course.

On admission, data regarding patient’s medical history were

carefully collected. Chest X-ray and chest computed tomogra-

phy scan were performed when indicated. Personal protective

equipment was provided to medical and paramedical health

workers, and care staff was limited to essential professionals.

Orotracheal intubation was performed mostly using a video

laryngoscope. The postoperative intensive care unit and hospi-

tal ward for patients with COVID-19 were isolated from other

hospital areas. According to the Health Authority directives,

direct contact between patients and their family members was

not permitted, and information regarding the patient’s clinical

condition was conveyed via telephone.

Surgeries were performed by 8 surgeons with an experience

of conducting at least 200 procedures each. Patients underwent

surgery through median sternotomy and central cannulation

for CPB. For CBP priming, the extracorporeal circuit was

filled with about 1,500 mL of Ringer’s Lactate and about 80 to

100 mL of mannitol.

In the postoperative period, patients were mechanically ven-

tilated using a volume-controlled ventilator and extubated usu-

ally 6-to-8 hours after surgery, in the absence of

complications, after having reached satisfactory levels for

blood gases in spontaneous breathing and adequate lung venti-

lation, as documented by chest X-ray.

During the postoperative course, red cell transfusion was

administered when hemoglobin levels reached 6-to-7 g/dL and

hematocrit was at 22%-to-24%. Platelets were transfused in

patients with bleeding manifestations when the platelet count

(PLTs) decreased to 80-to-100.000/mL. To improve hemosta-

sis and increase filling pressure, fresh frozen plasma was
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administered, when deemed necessary. Mediastinal reexplora-

tion for bleeding was indicated in patients in whom the rate of

blood loss was >300-to-400 mL for 1 hour, or >200-to-

300 mL during the subsequent hours. Hemodynamic instability

and hypotension refractory to medical therapy reinforced the

indication for mediastinal revision.

In addition to the primary and secondary endpoints previ-

ously described, attempts were made to indirectly quantify the

time taken by surgical maneuvers to achieve hemostasis

(SHT). For this purpose, the time interval (in minutes) from

the end of CBP (protamine administration) and the beginning

of sternal closure was retrospectively evaluated, which are

time intervals routinely recorded by the anesthesiologist.

Patient group matching was based on age (within § 3

years), sex, body mass index (within 2 points) and STS (Soci-

ety of Thoracic Surgeons) score (within 2 points). When multi-

ple control candidates met the core-matching criteria, the

choice was based on the date of cardiac surgery. The investiga-

tors were blinded to case outcomes during matching.

Statistical Analysis

The Kolmogorov-Smirnov test was used to evaluate the dis-

tribution of variables. Data with nonnormal distribution were

assessed using the Mann-Whitney U test, and expressed as

median and selected centile (25th-75th). Data with normal dis-

tribution were assessed using the Student’s t test. Categorical

variables were expressed as proportions, and compared using

the x2 test or Fisher’s exact test, as appropriate. Differences

with p < 0.05 were considered to be statistically significant.

The crude odds ratio and corresponding 95% confidence inter-

val were calculated for each clinically relevant variable. Varia-

bles that reached p < 0.1 in the univariate analysis were

included in the multivariate logistic regression analysis. A

stepwise selection procedure was used to select variables for

inclusion in the final model. The Hosmer�Lemeshow good-

ness-of-fit test and receiver operating characteristic curve anal-

ysis were used to assess the goodness of the logistic final

model. All statistical analyses were performed using SPSS ver-

sion 21.0 (IBM Corporation, Armonk, NY) for Windows

(Microsoft Corporation, Redmond, WA).

Results

A total of 826 consecutive patients underwent cardiac sur-

gery at the authors’ Polyclinic, from February 2020 to March

2021, of whom 773 required CPB. Among these patients, age

68.7 § 8.3 years, 19 (83%) were men and had a perioperative

diagnosis of COVID-19. On admission, 6 (26%) patients were

receiving acetylsalicylic acid, 3 (13%) received double-anti-

platelet drugs, and 4 (17%) received oral anticoagulants. Of

the 4 patients with COVID-19 at the time of surgery, 3 were

receiving acetylsalicylic acid, and one was not receiving any

therapy. In the control group, 13 (30%) patients were treated

with acetylsalicylic acid (p = 0.3). Among patients undergoing

elective procedures, medications were discontinued in a timely

manner before surgery, and of those who underwent
emergency surgery, only one was being treated with acetylsali-

cylic acid.

The study group was composed of patients with a periopera-

tive diagnosis of COVID-19, confirmed by positive throat

swab test results between 30 days before and 7 days after sur-

gery. Four (17%) patients presented with COVID-19 infection

(positive swab test result) on admission, 5 (22%) patients had

a recent history (within 30 days) of COVID-19 infection with

a negative swab test result on admission, and 14 (61%) patients

had a COVID-19 infection that was detected early postopera-

tively (within 7 days of surgery). Only 1 patient with positive

COVID-19 infection at the time of surgery underwent surgery

for type-A aortic dissection repair.

As the time of positive test after the initial infection was var-

iable, the exact beginning of the infection was not identifiable.

Therefore, the authors considered COVID-19 patients all posi-

tive ones in the time period from 30 days before surgery up to

7 days after surgery. In so doing, the COVID-19 inflammatory

reaction should have been present in all patients.

Symptomatic patients were identified and considered acute,

all other patients were considered COVID-19 positive and

were included in the COVID-19 series on the basis of the labo-

ratory swab positivity. Indication for emergent/urgent surgery

was related mainly to the cardiac disease requiring immediate

or prompt surgery.

Among the 4 COVID-19 patients, only 1 patient exhibited

typical coronavirus symptoms, such as severe dyspnea, asthe-

nia, and fever, along with minor radiologic signs of interstitial

pneumonia requiring noninvasive ventilation. On admission,

none of the patients needed intubation and neither did any

patients require perioperative extracorporeal membrane oxy-

genation support.

Cold crystalloid cardioplegia was administered to 14 (69%)

patients, and mixed cold hematocrystalloid cardioplegia to 9

(39%) patients. Four (17%) patients underwent surgery via a

ministernotomy approach. Patients with type-A aortic dissec-

tion underwent circulatory arrest with moderate hypothermia

(25˚C-28˚C) and antegrade cerebral perfusion. As usual in the

authors’ center, the pericardium was left open in all patients.

None of the patients exhibited hematologic disorders except

for one with a congenital XI coagulation factor deficit, and one

with a history of non-Hodgkin lymphoma, neither of whom

tested positive for COVID-19 at the time of surgery. Preopera-

tive laboratory investigations, blood count and coagulation

profiles were normal in all patients.

COVID-19 group patients were compared with 46 corre-

sponding controls with no history or evidence of COVID-19

(baseline characteristics are summarized in Table 1). There

were no significant between-cohort differences in terms of pre-

operative characteristics (Table 1). In both groups, 3 (13%)

surgeries were performed on an urgent-emergent basis (type A

aortic dissection). STS score for morbidity and mortality was

comparable (11 § 6.9% v 8.1 § 5.8, p = 0.3). CBP time in the

study group was 152 § 79 minutes (v 130 § 45, p = 0.08), and

aortic cross-clamp time was 106 § 36 minutes (v 86 § 27 min,

p = 0.07). SHT was significantly prolonged in the study group

(81 § 56 v 64 § 45 min, p = 0.0003) (Table 1).



Table 1

Patients Characteristics and Operative Data

Clinical Characteristics Covid n = 23 Non-Covid n = 46 p Value

Age (mean § SD), y 68.7 § 8.3 67 § 12.6 0.1

Female patients n (%) 4 (17) 11 (24) 0.5

BMI (mean § SD), Kg/m2 26.6 § 2 26.8 § 3.4 0.1

Hypertension, n (%) 20 (87) 36 (78.2) 0.3

Diabetes, n (%) 9 (39) 7 (15) *0.02

Dyslipidemia, n (%) 11 (48) 33 (72) 0.05

Smoking habit, n (%) 9 (39) 17 (37) 0.8

Renal failure, n (%) 4(17) 2 (4) 0.06

COPD, n (%) 7 (30) 6 (13) 0.08

Previous NV events, n (%) 3 (13) 1 (2) 0.06

PVD, n (%) 6 (26) 4 (9) 0.05

Emergent operation, n (%) 3 (13) 3 (6) 0.3

CABG isolated, n (%) 7 (30) 19 (41) -

AAR, n (%) 1 (4) 2 (4) -

AV surgery, n (%) 1 (4) 6 (13) -

MV (§ TV) surgery, n (%) 5 (22) 7 (15) -

MV + AV (§ TV) surgery, n

(%)

2 (9) 0 (0) -

AV or MV + CABG, n (%) 0 (0) 4 (9) -

AAR + CABG, n (%) 1 (4) 2 (4) -

AAR + AV surgery, n (%) 3 (13) 5 (11) -

AVPL + AAR + CABG, n

(%)

2 (9) 0 (0) -

AVPL+ AAR + ER, n (%) 1(4) 1 (2) -

Ministernotomy, n (%) 4 (17) 9 (19) 0.8

Infective endocarditis, n (%) 1 (4) 1 (2) 0.6

EF (mean § SD) % 56 § 7 55 § 8 0.4

STS score-morbidity/

mortality (mean § SD) %

11 § 6.9 8.1 § 5.8 0.3

CPB time, (mean § SD) min 152 § 79 130 § 45 0.08

Aortic cross-clamp time

(mean § SD) min

106 § 36 86 § 27 0.07

SHT (mean § SD) min 81 § 56 64 § 45 *0.0003

ACT pre-CPB (mean § SD) s 490 § 87 483 § 142 0.05

ACT post-CPB (mean § SD)

s

509 § 140 425 § 181 0.1

Abbreviations: AAR, ascending aorta replacement; ACT, activated clotting

time; AV, aortic valve; BMI, body mass index; CABG, coronary artery bypass

grafting; COPD, chronic obstructive pulmonary disease; CPB,

cardiopulmonary bypass; EF, ejection fraction; ER, emiarch replacement; MV,

mitral valve; NV, neurovascular; PVD, peripheral vascular disease; TV,

tricuspid valve; SD, standard deviation; SHT, surgical hemostasis time; STS

score, Society of Thoracic Surgeons.

* p < 0.05.

1922 G.A. Chiariello et al. / Journal of Cardiothoracic and Vascular Anesthesia 36 (2022) 1919�1926
Postoperative data are summarized in Table 2. In the study

group, severe respiratory failure was observed in 6 (26%)

patients, 2 (9%) of whom died from ARDS, cardiovascular

shock, and multiple organ failure. Bleeding complications

occurred in 11 (48%) patients. In 8 (35%) patients, surgical

reexploration for bleeding was required, 4 of whom underwent

reoperation at least once for late (after the postoperative day 6)

hemorrhagic pericardial effusion and cardiac tamponade

(Fig 1). Six patients underwent reoperation during their in-hos-

pital postoperative course, and 2 were urgently rehospitalized

for cardiac tamponade 2 weeks and 3 months after surgery,

respectively. Four (17%) patients underwent multiple medias-

tinal reexplorations for recurrent bleeding, 3 of whom required

2 mediastinal revisions, and one required 3 revisions. In 1
patient, temporary mediastinal packing was performed with

subsequent sternal closure. Among them, only 1 patient had

positive COVID-19 diagnosis at the time of the first surgery.

In summary, 13 surgical reexplorations were performed in 8

patients (8 mediastinal revisions through resternotomy and 5

through a subxiphoid approach). During mediastinal revision,

no active hemorrhagic source was found, except for one type-

A aortic dissection patient who had undergone multiple post-

operative revisions and at the first reexploration exhibited dif-

fuse mediastinal bleeding with a slight oozing (apparently not

relevant) at the distal aortic anastomosis site.

Two patients presented with massive serohemorrhagic pleu-

ral effusion requiring drainage 2 and 4 weeks after surgery.

One patient experienced a right temporoparietal intracranial

hemorrhage on postoperative day 27. None of these patients

was COVID-19 positive at the time of surgery. Mean blood

loss from drains was markedly high (1,535.25 § 1,914 [450-

7,465] mL). Mostly during the first week after surgery, 9

(39%) patients experienced severe thrombocytopenia (PLTs,

<80 £ 109 units/L), 20 (87%) patients experienced lymphocy-

topenia (<10% at leukocyte formula), and 7 (30%) patients

exhibited prolonged prothrombin time (PT >13 seconds). D-

dimer level, determined in 9 patients during the phase of active

bleeding, was 6,221.4 (357-35,200) ng/mL.

The rate of surgical reexploration for bleeding in the control

group, during the same enrollment period, was significantly

lower (2% in the control group v 35% in the study group,

p = 0.0001) (Fig 1). There was an increased need for blood-

component transfusion in the study group. Seventeen (74%)

patients received blood products (v 30% in the control group,

p = <0.01). Red cell concentrates were used in 16 patients,

PLTs concentrates in 4, and fresh frozen plasma in 13. Among

transfused patients in the study group, the mean red cell con-

centrates, PLTs, and fresh frozen plasma administered per

patient were 4.3 § 3.7 units, 1.25 § 0.5 units, and 1,745 §
972 mL, respectively (Fig 1). Seventeen (74%) patients

received procoagulant drugs (v 19%, p = 0.00001); 17 (74%)

patients received tranexamic acid, 5 (22%) received desmo-

pressin, and 2 (9%) received fibrinogen. In the study group,

sternal dehiscence was observed in 3 (13%) patients. Compli-

cations in the study group had a significant influence on length

of hospital stay (17 § 2.5 v 9.2 § 4.7 d, p = 0.01). In the multi-

variate logistic regression final model, SARS-CoV-2 infection

and renal failure were the unique independent factors associ-

ated with postoperative bleeding complications (Table 3).

Discussion

The COVID-19 pandemic and its burden on national health

systems have severely impacted services in many areas of

medical care.2-4 In addition, in many cardiothoracic surgery

centers, a severe reduction of surgical cases has been

observed.1,4,7-10 COVID-19 syndrome, putatively caused by

coronavirus-2, frequently is characterized by acute respiratory

failure with radiologic signs of interstitial pneumonia, ground

glass opacities, and/or bilateral patchy shadowing. In some

instances, ARDS and shock also may occur.11



Table 2

Postoperative Results

Postoperative Results COVID-19

n = 23

Non-COVID-19

n = 46

p Value

Mortality, n (%) 2 (9) 0 (0) -

Severe respiratory failure,

n (%)

6 (26) 2 (4) *0.008

Hemorrhagic

complications, n (%)

11 (48) 1 (2) *0.00001

Surgical re-exploration

for bleeding (patients),

n (%)

8 (35) 1 (2) *0.0001

Cardiac tamponade, n (%) 4 (17) 0 (0) -

Multiple surgical re-

explorations (patients),

n (%)

4 (17) 0 (0) -

Intracranial hemorrhage,

n (%)

1 (4) 0 (0) -

Pleural effusion requiring

drainage, n (%)

2 (9) 0 (0) -

Fluid loss from drains,

(mean § SD) mL

1,535 § 1.915 463 § 164 *0.02

Rehospitalization, n (%) 2 (9) 2 (4) 0.4

Severe

thrombocytopenia, n

(%)

9 (39) 3 (6) *0.0007

Platelet count, *109/L,

median (25th-75th)

112(82-157) 176 (139-207) *0.01

Fibrinogen, mg/dL,

median (25th-75th)

457 (331-675) 467 (362-653) 0.9

APTT, s, median (25th-

75th)

42 (36-49) 35 (31-37) *0.01

Patients transfused, n (%) 17 (74) 14 (30) *0.0006

Procoagulant drugs, n

(%)y
17 (74) 9 (19) *0.00001

Sternal dehiscence, n (%) 3 (13) 1 (2) 0.06

Total intubation time,

(mean § SD) h

13 § 6 10 § 2 *0.01

Acute renal failure, n (%) 2 (9) 0 (0) -

Hemodialysis, n (%) 1 (4) 0 (0) -

Hospital stay, (mean §
SD) d

17 § 2.5 9.2 § 4.7 *0.01

Abbreviations: APTT, activated partial thromboplastin time; SD, standard

deviation.

* p < 0.05.

yTranexamic acid, desmopressin, and fibrinogen.
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A few studies investigating the clinical outcomes of patients

with COVID-19 undergoing surgery reported increased mor-

bidity and mortality.1,8-10 In 9 patients with COVID-19 under-

going cardiac surgery, Yates et al.1 reported a 44% mortality

rate, mainly due to severe respiratory failure. SARS-CoV-2 is

a pleiotropic virus that causes several different clinical syn-

dromes and changes in laboratory parameters, including

thrombocytopenia, lymphocytopenia, and a prolonged PT.10-11

In addition to respiratory and renal complications,

COVID-19 patients may develop coagulation disorders. An

increased risk for thromboembolic events also has been

documented.10-11 However, little is known about the risk

for perioperative bleeding complications in patients with

COVID-19 undergoing cardiac surgery.
In this study, the authors observed a marked increase in the

incidence of postoperative bleeding complications compared

with that noted in non-COVID-19 patients. In the authors’

Intensive Care Unit, during the same period, the rate of overall

surgical reexplorations for bleeding in non-Covid patients who

had undergone CPB was 4% (30 out of 750 patients), consis-

tent with previously reported results,12-15 which was markedly

lower than the rate of surgical reexplorations in the study-

group.

Among patients with perioperative COVID-19, the authors

observed a high rate of surgical reexploration due to bleeding,

with 1 case of intracranial hemorrhage, 2 cases of massive

hemorrhagic pleural effusion, prolonged hemostasis time (ie,

SHT), conspicuous and prolonged blood loss from drains, and

extensive need for blood-component transfusions and procoa-

gulant drugs.

Pathophysiologic Mechanisms

The pathophysiologic mechanisms responsible for the

observed postoperative hemorrhage in these patients are not

fully understood. As reported in the literature, COVID-19 gen-

erates excessive oxidative stress caused by a “cytokine storm”

characterized by hyperexpression of proinflammatory media-

tors (interleukin-1 b, interleukin-6, and tumor necrosis factor-

a) responsible for massive diffuse inflammation.11,16-18 An

overactive immune response may lead to multiple systemic

effects, including direct vascular and microvascular injury

with vasculitis, swelling of endothelial cells, cellular apopto-

sis, necrosis, and severe endothelial damage.19-21 The angio-

tensin-converting enzyme II receptor expressed on the arterial

and venous endothelium and arterial smooth muscle cells

favors viral invasion of the vascular and microvascular tissue.

This amplifies the endothelial damage, with increased perme-

ability of the capillary wall, contributing to diffuse systemic

bleeding, vasospasm, and possibly ARDS, and multiple organ

failure.19-24

(Fig 2). A similar mechanism has been described for intra-

cranial hemorrhagic complications occurring spontaneously or

after a biopsy procedure,25-28 and is likely to occur with any

form of bleeding during COVID-19. Furthermore, endothelial

damage and diffuse bleeding could lead to thrombocytopenia,

consumption of coagulation factors and fibrinolysis, with a

possible clinical evolution progressing to acute disseminated

intravascular coagulation, thus aggravating hemorrhagic com-

plications.29 Moreover, direct virus-mediated thrombocytope-

nia has been widely described.11,30 In a multicentric analysis

of 1,099 patients with laboratory-confirmed COVID-19, Guan

et al.11 reported a thrombocytopenia rate of 36.2%. In this

vicious cycle, the inflammatory storm with endothelial dam-

age, associated with thrombocytopenia and possible fibrinoly-

sis, may explain and justify the observed incidence of late

bleeding events (Fig 2). The observed significant increase of

bleeding complications among patients with COVID-19 under-

going cardiac surgery with CPB seems to support the hypothe-

ses described.



Fig 1. Incidence of bleeding complications, surgical reexploration for bleeding, severe postoperative thrombocytopenia, and need of blood components transfusion

in COVID-19 and non-COVID-19 patients.
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In this study, all patients underwent CPB and, in contrast to

that reported in other studies,1,5,7-10 bleeding was the most fre-

quently encountered complication. The most likely pathophys-

iologic mechanisms are, in addition to surgical trauma, CPB-

related inflammatory reaction, interstitial edema, hepariniza-

tion, hemodilution, hemolysis, and coagulation factor con-

sumption, which may have contributed to precipitating

postoperative hemorrhagic complications (Fig 2). CPB could

exacerbate the deleterious effect of COVID-19 on the coagula-

tion system, leading to its disruption and a deregulation trend

toward a hemorrhagic pattern. For these reasons, patients with

perioperative COVID-19 undergoing cardiac surgery appear to

be more susceptible to postoperative bleeding requiring
mediastinal surgical revision and a high number of blood com-

ponent transfusions.

The authors observed an increased hemorrhagic risk in

patients with active COVID-19 at the time of surgery or early

postoperatively, and also in those with healed infection before

the surgery, thus suggesting a possible persistent hyperinflam-

matory response even after the resolution of COVID-19.

Despite the introduction of vaccines, the problem of global

disease spread does not appear to be resolved. In fact, a new

increase in infections recently has been observed in Europe

and worldwide, and COVID-19 still is considered to be a

severe comorbidity among cardiac surgery patients.31-33 Based

on the authors’ experience, it appears that the high risk for



Table 3

Logistic Regression Analysis of Factors Associated With the Postoperative

Hemorrhagic Complications

Variable Univariate Analysis Multivariate Analysis

OR p Value OR p Value

SARS-CoV-2 infection 24 0.004 25 0.01

CPB time 1.01 0.006 — —

Aortic cross-clamping time 1 0.85

PVD 3.25 0.14

Renal failure 23 <0.01 24 0.01

Diabetes 0.85 0.8

COPD 1.42 0.68

Dyslipidemia 0.18 0.02 — —

Platelet count, X 109 0.98 0.06 — —

Fibrinogen, mg/dL 1 0.77

Activated partial

thromboplastin time, s

1.04 0.09 — —

NOTE. The variables dyslipidemia, CPB time, platelet count, and activated

partial thromboplastin time were not included in the final multivariate model.

Abbreviations: COPD, chronic obstructive pulmonary disease; CPB,

cardiopulmonary bypass; OR, odds ratio; PVD, peripheral vascular disease;

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Fig 2. Possible pathophysiologic mechanism of postoperative bleeding in patients w

enzyme II receptor; CPB, cardiopulmonary bypass; DIC, disseminated intravascular
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perioperative bleeding is associated with emergency surgery,

such as aortic dissection, and also with elective surgery with

no additional preoperative risk factors.

Patients with perioperative COVID-19 undergoing cardiac

surgery experience a poor outcome, with a high rate of compli-

cations, including early and late postoperative bleeding. The

aim of this study was to provide the authors’ experience. The

authors are aware that the relatively small number of patients

in this initial retrospective series, the possible relative inaccu-

racy of certain parameters such as SHT, and the lack of defini-

tive information in the literature to support their conclusions

may represent a limitation of the study. Another limitation of

this study was that the authors included patients whose molec-

ular diagnosis of COVID-19 was obtained in the postoperative

period, and this theoretically could not have a direct influence

on immediate postoperative bleeding, but rather on late hemor-

rhagic complications. Nevertheless, as the coronavirus incuba-

tion time remains uncertain in the literature, the authors

selected a 7-day period to rule out postoperative SARS-COV-

2 infection. Furthermore, the present study was carried out dur-

ing the acute phase of COVID-19 outbreak in Italy. Therefore,

there were no formal hypotheses being implemented to drive

the sample size calculation, and the authors included the
ith COVID-19 undergoing cardiac surgery. ACE II-R, angiotensin-converting

coagulation.11-30
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maximum number of patients who met the inclusion criteria

during this critical period. However, given that the authors’

observations appeared to indicate a significantly increased risk

for postoperative complications, this increased risk should be

taken into consideration when assessing the operative risk for

patients with a perioperative diagnosis of COVID-19.
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