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COVID-19 After Lung Resection in Northern Italy
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We reviewed surgical cases from 4 Thoracic Surgery depar
Coronavirus corpses loaded in army trucks since
cemeteries are full (Bergamo 19/03/2020).

Central Message

Patients who develop symptomatic COVID-19

infection during the 90 days after lung resection

have a high risk of death. Postoperative surveil-

lance and risk factors monitoring are

mandatory.

Perspective Statement

Our findings, that come from the area that was

most heavily impacted by the Coronavirus pan-

demic in Europe, reveal that patients who

undergo a lung resection and then developed

symptomatic COVID-19 have very high risk of

perioperative death. According to our results,

we propose some mitigating perioperative strat-

egies to improve outcomes after surgery during

the pandemic.
tments in the Lom-
bardia region of Italy, the area mostly affected by Coronavirus pandemic in
Europe, with the aim to describe the impact of COVID-19 on the treatment of
thoracic surgical patients. Clinical, radiological and laboratory data from patients
who underwent lung resection from December 2019 to March 2020 were retro-
spectively collected until June 2020. Univariable Cox regression models were
estimated to evaluate potential prognostic factors for developing COVID-19 and
to investigate postoperative mortality among patients who developed symptom-
atic COVID-19 infection. We examined data from 107 patients. (74 lobectomies,
32 wedge/segmentectomies and 1 pneumonectomy). Twelve patients devel-
oped COVID-19 (Group 1), whereas 95 patients were not infected (Group 2). In
Group 1, 6 patients (50%) died from complications related to infection; in Group
2, one patient (1%) died because of non-COVID-19-related causes. Median
days from surgery to first symptoms, CT confirmation, clinical confirmation and
PCR positivity was 48.1, 54.3, 55.1, and 55.2 respectively. At univariable analy-
sis, DLCO/VA% (P= 0.008), duration of the surgery (P= 0.009), smoking history
(pack/year) (P < 0.001), BMI (P< 0.001) and number of segments resected
(P= 0.010) were associated with COVID-19 onset. Moreover, CCI (P < 0.001),
DLCO/VA% (P= 0.002), cigarette pack/year (P < 0.001), BMI (P < 0.001) and
COVID-19 (P < 0.001) were associated with death. Patients who undergo lung
resection and then develop symptomatic COVID-19 infection are at higher risk
of developing severe respiratory complications and postoperative death. Insidi-
ous symptoms’ onset may lead to a delay in diagnosis. We suggest two mitigat-
ing strategies: (1) Improve symptoms surveillance and isolation during recovery
period, (2) Be aware of a potential greater risk of developing symptomatic
COVID-19 and death correlated with elevated CCI, BMI, smoking history,
DLCO/VA%, number of resected segments and duration of surgery.
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INTRODUCTION
The first cases of Coronavirus disease 2019 (COVID-19)

were registered in Wuhan, capital city of the Hubei province,
China, in December 2019.1 Since then the infection has spread
globally and was declared a Public Health Emergency of Inter-
national Concern on 30 January 2020 by World Health
Organization.2

It is with the first case of secondary transmission which
occurred in Codogno, Municipality of Lombardy in the
province of Lodi, on February 18, 2020 that the epidemic
spread throughout Italy. During the initial period, as well
as the peak of the pandemic, the North of the Country,
and, in particular the Lombardy region, has been the hard-
est affected area with 86,384 infected and 15,784 deaths
(data updated on May 21 2020).3 In particular, the most
affected provinces were Brescia, Bergamo, Milano and
Monza Brianza (with 14,345, 12,733, 22,534 and 5,412
cases),3 whereas overall positive and fatal cases in Italy
were 228,658 and 32,616, on the 21th May 2020.4 This
data also made the Lombardy region the most distressed
area in Europe for highest number of deaths per 100,000
inhabitants on May 15.5,6

In comparison with the general population, patients with
cancer in the active phase of the disease have a higher risk of
death in the weeks after infection and poorer outcomes than
non-cancer patients, as shown in some preliminary studies.7

Therefore, many thoracic oncology patients, considering their
multiple co-morbidities (advanced age, smoking history,
emphysema, heart disease), are classified in the “high risk”
group.

Some of the most important institutions such as the Royal
College of Surgeons, The Royal College of Physicians and Sur-
geons of Canada and the American College of Surgeons,
quickly provided expert level surgical recommendations for
patients with thoracic malignancies;8,9 however, there is still a
lack of studies investigating outcomes and risk factors among
patients who underwent thoracic surgery and developed
COVID-19.

We reviewed data of patients who underwent lung resection
in some of the most affected areas in Lombardy, with the aim
to determine which variables are clinical or surgical prognostic
factors for developing COVID-19 and for mortality, during
postoperative recovery period of 90 days, among patients who
developed symptomatic COVID-19.
METHODS
We retrospectively reviewed and prospectively collected

clinical data of all patients who underwent lung resection from
December 2019 through March 2020 at four different high-
volume Thoracic Surgery Departments from Northern Italy
(Humanitas Gavazzeni Bergamo, San Gerardo Monza, Spedali
Civili Brescia, ASST Santi Paolo e Carlo Milano) irrespective of
whether they contracted the disease.
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The timeline of cases has been set with the aim to inves-
tigate COVID-19 impact on postoperative and recovery
time (conventionally equal to about 90 days) outcomes;
therefore, we collected cases from December 1, 2019.

Consent to data collection and use was included as part of
the hospital surgical consent form that comprises also infective
complication (Mod.3864 ASST-MA-008 rev. 0 15.05.17). Hos-
pital approval was granted and IRB waived the need to review
this case series. Patients operated on in December and January
did not receive any preoperative COVID-19 investigation.
Swab real-time polymerase chain reaction (rt-PCR) became
readily available in February and patients were, thereafter, uni-
versally tested before surgery. In case of positive swab, surgery
was postponed until complete recovery and two consecutive
negative nasal swabs.

Clinical variables included age, sex, length of stay in days,
comorbidities (Charlson Comorbidity Index (CCI), smoking
history, oncological history, BMI, arterial hypertension) and
pulmonary function (FEV1%, FVC%, DLCO/VA%, V02 max).
The surgical variables considered were type of resection, num-
ber of resected segments, duration of surgery and surgical
approach (multiportal VATS, uniportal VATS or open thora-
cotomy). This data was obtained by review of medical records.
Follow-up data was recorded until the beginning of June by
reviewing outpatient clinic records, telephone follow-up calls
or hospital records in case of readmission. Patients who devel-
oped the disease after discharge were identified by phone-
administered survey, due to the inability to visit hospitals
because of the quarantine, or through access to the emergency
room. We focused our attention on the initial signs and symp-
toms of COVID-19 such as fever (defined as body temperature
> 37.3°C with remittent or intermittent pattern), shortness of
breath, chest tightness, fatigue, dry cough, loss of appetite,
nausea, headache, diarrhea, rhinorrhea, dizziness and newly
developed pleural effusion.

Postoperative CT scan findings have been recorded to
support diagnoses of COVID-19 both in case of positive rt-
PCR and in the absence of a swab test. Patients who devel-
oped the disease were classified as Group 1, while the
others as Group 2. Patients in Group 1 were then further
classified in 3 subgroups based on the clinical pattern of
disease extrapolated from the guidelines (version 7.0) of
China’s National Health Commission:10 (1) critical, in case
of respiratory failure requiring mechanical ventilation, (2)
severe, in case of respiratory rate > 30/minutes, PaO2/Fi02
ratio < 300 mm Hg or Sp02 < 93%, lung involvement >
50%, (3) mild, in all remaining cases.

We have also investigated how many days elapsed since the
onset of COVID-19 signs and definitive diagnosis by reviewing
medical records and by obtaining patients or relatives’ state-
ments, in order to determine a timeline in disease management.

Statistics
Our dataset consisted of 30 clinical variables from 107

patients who underwent lung resection. Associations between
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categorical variables were assessed by the Fisher’s exact test; for
continuous variables, differences between means from two sep-
arate groups of subjects were evaluated using the nonparamet-
ric Wilcoxon test. To evaluate the impact of patient’s
characteristics on the risk of developing COVID-19 and on
mortality, we estimate a univariable Cox proportional hazards
regression model. Statistical significance of the regression coef-
ficient was assumed if the p-value was less than 0.05. All analy-
sis was computed by the R software (version 3.6.3)

RESULTS
From December 2019 to March 2020, 107 patients under-

went lung resection in four thoracic surgery centers in North-
ern Italy. Twelve developed COVID-19 (Group 1), whereas 95
patients were not infected (Group 2). In Group 1, 6 patients
(50%) died from respiratory failure or others complication
related to infection, whereas in Group 2, one patient (1%) died
because of non-COVID-19-related cause.

No signs and symptoms of Coronavirus-19 infection were
retrospectively recorded before surgery. Preoperative swab
real-time polymerase chain reaction (rt-PCR), when introduced
at the end of February 2020, was always negative, and surgery
proceeded as scheduled.

Overall median age of patients was 66.5 years (17-84
years), 70 were male and 37 female. All patients but 16
were current or past smokers. Median BMI was 27.24.
Median CCI was 10.30. The majority of patients underwent
surgery for oncologic disease (primary or metastatic disease)
except 7 who presented persistent air leaks after spontane-
ous pneumothorax or complicated infectious disease. In
these patients, 74 lobectomies, 32 segmentectomies and/or
wedge resections and 1 pneumonectomy were successfully
performed without intra-operative adverse event. There
were 45 open procedures, whereas all other resections were
performed by VATS. Among discharged patients, no one
was discharged to rehab.

In Group 1, median age was 65.9 years (21-82 years), 9
were male and 3 female. All patients but 3 were current or
past heavy smokers. Median BMI was 34.9. Median CCI
was 16.8 . All patients underwent surgery for cancer but 1
who presented with relapsing spontaneous pneumothorax.
Surgeries were successfully performed in all cases without
intra-operative event, including 5 lobectomies and 7 seg-
mentectomies/wedge resections There were 3 open thora-
cotomy lobectomies, whereas all other resections were
performed by VATS.

In Group 2, median age was 66.5 years (17-84 years), 61
were male and 34 female. All patients but 13 were current or
past heavy smokers. Median BMI was 25.27. All patients
underwent surgery for oncologic disease (primary or metastatic
disease) but 4 who presented with complicated infectious dis-
ease (aspergilloma and tuberculosis) and 2 with relapsing per-
sisting spontaneous pneumothorax. Surgeries were
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successfully performed in all cases without event, including 1
pneumonectomy, 69 lobectomies, and 25 segmentectomies
and/or wedge resections. There were 42 open thoracotomies,
whereas all other resections were performed by VATS.

Contact tracing allowed identification of viral exposure in
only 2 out of 12 patients in group I. Therefore, we decided to
base our time-line on postoperative days count. Furthermore,
this choice seemed appropriate to visualize the relationship
between date of surgery, onset of the disease and time spent
for diagnosis. Median days from surgery to first symptoms, CT
confirmation, clinical confirmation and PCR positivity was
48.1, 54.3, 55.1 and 55.2 respectively.

Eleven of 12 patients in Group 1 presented first signs and
symptoms of infection after discharge. Diagnostic suspicion
occurred secondary to telephone follow-up or spontaneous pre-
sentation to the emergency room. At hospital readmission, viral
pneumonia was confirmed in all cases. Only 1 patient developed
the disease at the 9th postoperative day during hospital stay.

Six cases presented with critical COVID-19 syndrome
whereas 2 and 4 had a severe and mild form respectively. Seven
and two patients presented intermittent and remittent fever.
No patient had fever immediately after surgery; six patients
had body temperature ranging between 38 and 39°C; the
others inferior to 38.

Symptoms at onset included dyspnea,7 chest tightness,4

fatigue,6 dry cough,6 loss of appetite,4 headache,1 dizziness,1

and pleural effusion.3

Preoperative chest CT scan images have been re-analyzed
and no signs of viral pneumonia were found. Every patient
had a new CT scan after postoperative onset of one or
more symptoms of COVID-19. In 8 cases chest tomography
immediately detected radiological signs of viral pneumonia
such as multifocal GGOs, whereas 4 patients presented
these typical signs at second scan. At last follow-up, one
patient was cured and discharged in good general condi-
tions in Group 1; 5 were still hospitalized in stable condi-
tion and 6 patients received mechanical ventilation and
eventually died from respiratory failure or others complica-
tion related to infection. One fatal case, not attributable to
COVID-19, was recorded in Group 2.

At univariable analysis, DLCO/VA% (P = 0.008) and dura-
tion of the surgery (P = 0.009) were negatively associated with
postoperative COVID-19 onset. Smoking history (pack/year)
(P = <0.001), BMI (P< 0.001) and number of segments resected
(P = 0.010) were positively associated with COVID-19. Age,
sex and type of surgery (multiportal VATS and uniportal
VATS) were not significant (Table 1).

The same univariable Cox regression model has been
adopted to investigate prognostic factors for death. At univari-
able analysis CCI (p < 0.001), cigarette pack/year (P < 0.001),
BMI (P < 0.001) and COVID-19 (P < 0.001) were positively
associated with death, whereas DLCO/VA% (P = 0.002) was
negatively associated (Table 2).
horacic and Cardiovascular Surgery � Volume 34, Number 2



Table 2. Mean demographics and preoperative characteristics for dead and alive patients

Characteristics Dead (n = 7) Alive (n = 100) HR 95% CI p-value

Age, years 70.43 66.19 1.04 0.95 - 1.14 0.394
Cigarettes smoked, pack/year 62.00 18.65 1.05 1.02 - 1.07 <0.001*
BMI 41.13 25.99 1.15 1.08 - 1.23 <0.001*
Resected lung segments 3.14 2.86 1.39 0.87 - 1.54 0.566
Charlson Comorbidity Index 24.13 11.10 1.21 1.11 - 1.33 <0.001*
FEV1% 90.29 94.96 0.99 0.96 - 1.02 0.516
DLCO/VA% 71.29 90.57 0.93 0.88 - 0.97 0.002*
Duration of surgery 129.29 147.03 0.99 0.98 - 1.01 0.405
COVID-19 6 6 4.49 2.71 - 5.82 <0.001*

Hazard ratios (HR) and 95% Confidence intervals (CI) are obtained from a univariable Cox regression model to assess the impact of patient’s char-
acteristics on the mortality rate.
*Significant p-value.

Table 1. Mean demographics and preoperative characteristics for patients who developed COVID-19 (Group 1) and patients that
were not infected (Group 2)

Characteristics COVID-19 positive
(n = 12)

COVID-19 negative
(n = 95)

HR 95% CI p-value

Age, years 65.92 66.54 0.99 0.94 - 1.04 0.639
Cigarettes smoked, pack/year 45.75 18.42 1.03 1.01 - 1.05 <0.001*
BMI 34.73 26.00 1.09 1.05 - 1.14 <0.001*
Resected lung segments 3.25 2.08 1.56 1.36 - 1.87 0.010*
Charlson Comorbidity Index 16.09 11.43 1.08 1.01 - 1.15 0.033*
FEV1% 91.00 95.12 0.99 0.97 - 1.02 0.464
DLCO/VA% 77.00 90.88 0.95 0.92 - 0.99 0.008*
Duration of surgery 111.25 150.24 0.98 0.97 - 1.01 0.009*
Sex
Female 3 34
Male 9 61 1.85 0.51 - 2.85 0.356

Hazard ratios (HR) and 95% Confidence intervals (CI) are obtained from a univariable Cox regression model to assess the impact of patient’s char-
acteristics on the risk of being infected by COVID-19.
*Significant p-value.
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DISCUSSION
Few articles have focused on the clinical course of patients

with severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) infection during perioperative period,11�13 and even
fewer studies specifically focus on patients who have under-
went thoracic surgery.

In that arena a very interesting article has been published by
Peng and coworkers14 from China. They reported the postop-
erative clinical events involving a series of 11 patients without
control-cohort.

Of 11 patients, they reported 3 fatal cases after pulmonary or
esophageal resection and percentages of severe and critical
respiratory pattern of 27.3% and 36.4% respectively, versus
6.1% and 13.8% among overall COVID-19 population in
China.15,16 Their results seem to correlate COVID-19 and out-
comes in thoracic surgery patients.

Cai and Coworkers, in their series of 7 cases after thoracic
surgery, also concluded that lung resection surgery might be a
Seminars in Thoracic and Cardiovascular Surgery � Volume 34
risk factor for death in patients with COVID-19 in the periop-
erative period.17

Our data shows a dramatic pattern as well, since 16% and
50% of COVID-19 patients developed severe and critical respi-
ratory pattern respectively and we registered 50% fatal cases
among symptomatic COVID-19 patients.

Secondly, their results highlighted a substantial delay from
symptom onset to diagnosis, probably due to a confusing over-
lap between COVID-19 and thoracic surgery postoperative
signs and symptoms. We instead observed a smaller delay
(about 7 days) that could be explained because all but 1 patient
developed symptoms during recovery when postoperative
symptoms should have disappeared or decreased. Indeed,
most of patients were readmitted to hospital as soon as symp-
toms occurred. Their detection was probably facilitated by
careful phone follow-up but also by the state of national alert
promoted by the media. That suggests the need for a tighter
and more rigorous early follow-up during the pandemic
, Number 2 729
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period, supported by adequate information on signs and symp-
toms that patients or relatives must be able to check daily.

Our data also showed that smoking history, BMI, number of
resected segments, DLCO/VA%, and duration of surgery are
potential prognostic factors for onset of COVID-19.

As concerns smoking history, we already know that smoking
impairs lung immune functions and damages upper airways,
increasing risks of contracting a severity of infectious diseases.
Therefore, it is not surprising that smoking may be an indepen-
dent risk for severe COVID-19 progression, including
mortality.18

BMI prognostic value is consistent with recent papers show-
ing that adiposity is strongly linked to COVID-19.19 In particu-
lar it has been showed that obesity may be a stronger risk factor
for susceptibility to SARS-CoV-2 infection and severity of con-
sequent disease, including death.20 Indeed, excess fat can
impair lung and metabolic function, stresses inflammatory
pathways and cardiorenal systems, and promotes thrombotic
responses.

Although our is a small case series, we suggest that, (1) the
development of clinically apparent COVID-19 during 90 days
postoperative period is a dramatic event, (2) surgeons should
be aware of a possible greater risk of disease onset and critical
pattern development positively associated with smoking his-
tory, BMI, number of resected segments and negatively with
DLCO/VA% and duration of surgery.

A very interesting point to address is that the most of
patients who got clinically apparent disease presented with
symptoms after almost one month from surgery. Even consid-
ering an incubation period of 2 weeks,21,22 we are unable to
demonstrate whether the infection occurred during the hospi-
tal stay or at home, but what matters is that also the period out-
side the strict perioperative time seems to be dangerous.

Therefore, we suggest a rigorous postdischarge follow-up
should be established, covering a recovery phase of almost 3
months, to early identify any possible signs and symptoms, as
long as the pandemic lasts. Regulated Outpatient Clinics,
phone interview or survey administered by digital application
should be encouraged. Moreover, patients should also observe
equally rigorous isolation standards, with particular attention
to cases who present prognostic factors for COVID-19 develop-
ment.

Taipe and Coworkers, in their case report, also stressed this
point suggesting that early diagnosis and use of antibiotics at
doses of sepsis, associated with corticosteroid pulses and respi-
ratory physiotherapy improve COVID-19 pneumonia in post-
operative lung surgery.23

Stoleriu and Huang, in their series of 2 and 3 cases respec-
tively, found that mortality may be very high in patients who
contract SARS-CoV-2 pneumonia after lung lobectomy and
underline that lung surgery should be performed with extreme
caution in SARS-CoV-2 epidemic outbreak areas and underline
the vigilance required in the perioperative setting.24,25

In addition, we recommend consideration of a tailored
surgical strategy, especially in patients presenting high
730 Seminars in T
risk factors. Despite this, we showed only a correlation
between the number of resected segments and COVID-19,
parenchymal sparing procedures could be preferred to
standard lobectomy, when tumor stage is permissive, even
if respiratory and cardiac function are good for larger
resections, as long as respecting current recommendations
on margins.

As concerning association between duration of surgery and
COVID-19 onset, we underline that, regardless of the pan-
demic, several studies have already reported ventilation-
induced lung injury among adverse complications after tho-
racic surgery.26�28 It is well-known that acute lung injury
(ALI) is an acute inflammatory disorder, characterized by dis-
rupted vascular integrity but increased permeability of epithe-
lium and endothelium.29,30 Pulmonary damage in the form of
acute lung injury and adult respiratory distress syndrome is a
major cause of morbidity and mortality after thoracic surgery.
Its incidence is about 2%-5% of all cases and correlates with
duration of surgery.26

Our data revealed an association between duration of sur-
gery with COVID-19 onset, as well.

Based on these results, strategies to reduce surgical time may
be considered, such as encouraging preoperative diagnosis, to
avoid frozen section or avoid nodal dissection, when possible
as in the case of pure GGO. Moreover, since no association
emerged between open surgery and VATS, it could be sug-
gested that each surgeon considers the most time saving
approach with a view to personal expertise in the field of mini-
mal invasive surgery.

Some authors even proposed to delay surgery; however, this
proposal may be weakened since the end of the pandemic is
unknown. It could instead be more feasible using alternative
therapies (i.e., SBRT).31,32

Unfortunately, this is a retrospective study, affected by
many limitations. The main ones are the small size of the
COVID-19 population and incomplete follow-up of patients
operated on in March, therefore, we can only draw initial
suggestions but further data is definitively needed to
strengthen our findings. This bias could be overcome by
the use of a web global registry, as TERAVOLT introduced
in March 2020.33

Another important bias is represented by the testing strategy,
which did not included postoperative swab in asymptomatic
patients. Moreover, also COVID-19 diagnosis was sometimes
obtained only on CT findings without swab confirmation. This
meant that, Group 2 may have comprised patients who
acquired the infection without developing the disease. That is
why, it is worth emphasizing that, in this study, we always refer
to the confirmed disease and not to mere infection. However,
that could be a minor bias considering our aim to understand
the impact of the disease after surgery rather than the risk of
contracting the virus.

The final bias is the heterogeneity of the sample determined
by multicentric study design. In fact, results could have been
influenced by different geographical incidence of the infection
horacic and Cardiovascular Surgery � Volume 34, Number 2



Figure 1. (graphical abstract): the paper entitled COVID-19 after lung resection in Northern Italy is a retrospective study from four
Thoracic Surgery Departments in the Lombardia region. Univariable Cox regression models were estimated to investigated post-
operative mortality among patients who contracted symptomatic COVID-19 and to evaluate potential prognostic factors for devel-
oping COVID-19.
Our data showed that symptomatic COVID-19 severely increases risk of death after surgery. So, we suggest to consider a patient
tailored surgical programme based on after discharge surveillance or isolation and to be aware of a possible greater risk correlated
with BMI, smoking history, DLCO/VA%, number of resected segments and duration of surgery.
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but also by the absence of a common protocol in patients man-
agement.

CONCLUSIONS
The outbreak of Coronavirus 2019 is a new challenge in the

management of thoracic surgery patients who are exposed to
high risk of death if they develop clinically apparent COVID-
19. Our results could be potentially useful in patients’ triage
and postoperative management during the coming months
until a vaccine is developed and widely administered.

Our suggestions for mitigating risk in surgical patients dur-
ing the COVID-19 pandemic include:

1. Improve and develop new models for symptoms surveil-
lance and isolation during postoperative and recovery
period;

2. Be aware of a possible greater risk correlated with BMI,
smoking history, DLCO/VA%, number of resected seg-
ments and duration of surgery.

Although univariable analysis showed an association
between operative duration and development of symptomatic
postoperative Covid 19, further data is necessary to define the
relationship between a surgical strategy based on parenchymal
sparing and minimization of procedure time, and risk to con-
tract the disease (Fig. 1).
Seminars in Thoracic and Cardiovascular Surgery � Volume 34
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