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Abstract

Introduction  and aims:  A case  series  of  ten patients  that  received  protocolized  care  for  SARS-

CoV-2  infection  and  developed  severe  gastrointestinal  complications,  is presented.  The  aim  of

our study  was  to  contribute  to  the  ongoing  discussion  regarding  gastrointestinal  complications

related  to  SARS-CoV-2  infection.  After  reviewing  the  current  literature,  ours  appears  to  be  the

first detailed  case  series  on the  topic.

Materials  and  methods: A retrospective  filtered  search  of  all patients  admitted  to  our  hospital

for SARS-CoV-2  infection,  who  developed  severe  gastrointestinal  complications,  was  performed.

All relevant  data  on  hospital  patient  management,  before  and after  surgery,  were  collected  from

the medical  records.

Results:  Of  the  905 patients  admitted  to  our  hospital  due  to  SARS-CoV-2  infection,  as  of  August

26, 2020,  ten of  them  developed  severe  gastrointestinal  complications.  Seven  of  those  patients

were men.  There  were  four  cases  of  perforation  of  the  proximal  jejunum,  three  cases  of  per-

forations of  the  ascending  colon,  one  case  of  concomitant  perforation  of  the  sigmoid  colon  and

terminal ileum,  one  case  of  massive  intestinal  necrosis,  and  one  preoperative  death.  Three

right colectomies,  four  intestinal  resections,  one  Hartmann’s  procedure  with  bowel  resection,

and one  primary  repair  of  the  small  bowel  were  performed.  The  mortality  rate  of  the  patients

analyzed  was  50%.
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Conclusion:  Spontaneous  bowel  perforations  and  acute  mesenteric  ischemia  are  emerging  as

severe, life-threatening  complications  in  hospitalized  SARS-CoV-2  patients.  More  evidence  is

needed to  identify  risk  factors,  establish  preventive  measures,  and  analyze  possible  adverse

effects of  the  current  treatment  protocols.

© 2021  Asociación Mexicana  de  Gastroenteroloǵıa.  Published  by  Masson  Doyma  México  S.A. This

is an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
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Complicaciones  intestinales  graves  en  pacientes  SARS-CoV-2  recibiendo  manejo

protocolizado

Resumen

Introducción  y  objetivos: Presentamos  una  serie  de casos  de  diez  pacientes  recibiendo  manejo

protocolizado  para  infección  por  SARS-CoV-2  que  desarrollaron  complicaciones  gastrointesti-

nales severas.  El objetivo  del  estudio  es  contribuir  a  la  discusión  sobre  las  complicaciones

gastrointestinales  de la  infección  por  SARS-CoV-2.  Hasta  el  momento  y  tras  una  revisión  de  la

literatura,  se  trata  de la  primera  serie  de casos  detallada  sobre  este  tema.

Materiales  y  métodos: Se  realizó  una  búsqueda  retrospectiva  y  filtrada  de  todos  los  pacientes

ingresados  en  nuestro  hospital  por  infección  por  SARS-CoV-2  que  desarrollaron  complicaciones

gastrointestinales  severas.  Se  obtuvieron  del expediente  clínico  todos  los  datos  relevantes  al

manejo intrahospitalario  antes  y  después  de  la  cirugía.

Resultados:  De  905  pacientes  ingresados  a  la  fecha  del  26  de agosto  de 2020  en  nuestro  hospital

por infección  por  SARS-CoV-2,  diez  pacientes  desarrollaron  complicaciones  gastrointestinales

severas. Siete  de  ellos  fueron  hombres.  Se  presentaron  cuatro  perforaciones  del yeyuno  proxi-

mal, tres  perforaciones  del  colon  ascendente,  una  perforación  concomitante  del  colon  sigmoides

e íleon  terminal,  una necrosis  intestinal  masiva  y  una defunción  prequirúrgica.  Se  realizaron

tres colectomías  derechas,  cuatro  resecciones  intestinales,  un procedimiento  de Hartmann  con

resección intestinal  y  una reparación  primaria  de intestino  delgado.  La  mortalidad  del  grupo

estudiado fue  de  50%.

Conclusión:  Las  perforaciones  intestinales  espontáneas  y  la  isquemia  mesentérica  aguda  están

surgiendo  como  complicaciones  severas  y  que  ponen  en  riesgo  la  vida  de  pacientes  hospitaliza-

dos por  SARS-CoV-2.  Se  requiere  más  evidencia  para  identificar  factores  de riesgo,  establecer

medidas  preventivas  y  analizar  los  posibles  efectos  adversos  de los  protocolos  de  manejo

actuales.

© 2021  Asociación Mexicana  de  Gastroenteroloǵıa.  Publicado  por  Masson  Doyma  México  S.A.

Este es  un  art́ıculo  Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction  and  aim

As  of  August  26,  2020,  SARS-CoV-2  has  affected  24.3  million
patients  worldwide,  with  829,663  reported  deaths,  accord-
ing  to  the  World  Health  Organization.  Numbers  are  still
rising  in  several  countries,  and  the exact  pathologic  mecha-
nisms  of  this  novel  virus  and its systemic  implications  remain
unknown,  despite  the  massive  outpouring  of published  liter-
ature  since  the  beginning  of  this global  pandemic.

As  has  already  been extensively  reported,  gastrointesti-
nal  symptoms  can  develop  from  SARS-CoV-2  infection  in up
to  50%  of  cases1,  sometimes  even  before  respiratory  symp-
toms.  The  virus  has  been  isolated  in stool samples,  and  the
confirmed  mechanism  of  entry  into  gastrointestinal  cells  is
the  angiotensin  converting  enzyme  2 (ACE-2)  receptor2.  Xiao
et  al.  reported  abundant  expression  of  the  ACE-2  receptor
in  glandular  cells  of  gastric,  duodenal,  and  rectal  epithelia,
by  immunofluorescence3.

SARS-CoV-2  infection  has also  been  shown  to  cause  coag-
ulopathies,  and hypercoagulability  in the critically  ill  has
been  demonstrated  through  thromboelastography4.  Throm-
bosis  secondary  to a  hypercoagulation  state  can  lead to both
pulmonary  embolisms  and  intestinal  ischemia,  which  is  why
parenteral  anticoagulation  is  being  used in the  treatment  of
the  disease.

In  Mexico,  as  of  August  26,  2020, 573,888 confirmed
cases  of  SARS-CoV-2  have  been reported,  along  with  62,076
deaths,  and  there  are no  indications  of  a  flattening  of
the  curve.  The  Hospital  San  Jose  Tec de  Monterrey  is  an
advanced  specialty  hospital  in Monterrey,  one  of  the largest
cities  in  the country.  It  has  been  designated  as  a COVID-
only  hospital,  and  patients  have  been  admitted  and treated
in  its  150  beds  since  May  2020.  According  to  our  search  of
the  literature,  few  reports  have  been  published  regarding
bowel  ischemia  or  perforation  in  patients  with  SARS-CoV-2
infection5---18.
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The  aim  of our  study  was  to  present  a  fully  comprehensive
case  series  on  the subject,  with  as  many  preoperative  and
postoperative  details  as  possible.

Materials  and  methods

We  performed  a retrospective  filtered  search  of  all  patients
hospitalized  at  the  Hospital  San  Jose  Tec de  Monterrey  since
it was  established  as  a  SARS-CoV-2  referral  center in May
2020,  with  the  following  inclusion  criteria:  (1)  a positive  PCR
test  for  SARS-CoV-2,  (2)  patients  hospitalized  under  proto-
colized  care  for  COVID  pneumonia,  and  (3)  the  development
of  either  spontaneous  bowel  perforation  or  acute  mesenteric
ischemia.

We  collected  the demographic  characteristics,  as  well  as
all  relevant  admission,  perioperative,  surgical,  and postop-
erative  data.  Relevant  admission  data  included  SARS-CoV-2
viral  load  and serum  markers.  Relevant  preoperative  data
before  symptom  onset  included  time  interval  from  admis-
sion,  time  interval  from  the  first  immunomodulator  dose,
modality  of supplementary  oxygen  required,  admission  to
the  intensive  care  unit  (ICU),  and  hemodynamic  instability.
Relevant  perioperative  data  included  imaging  findings,  surgi-
cal  procedure  performed,  surgical  findings,  and  presence  or
absence  of bowel  necrosis  or  perforation.  Relevant  postop-
erative  data included  all-cause  mortality  rate  and pathology
report.

Baseline  characteristics  were  reported  as  frequencies
and  percentages.  Because  of  extreme  outliers  in  the proin-
flammatory  marker results,  median  and  range  were  used.
For  normally  distributed  parameters,  the  arithmetic  mean
was  utilized.  Data  were presented  in a  descriptive  fashion,
with  measures  of  central  tendency  calculated  to  express
the  baseline  characteristics.  No  statistical  analysis  was  per-
formed.

All  patients  included  in the present  study  signed  an
informed  consent  form,  accepting  in-hospital  standardized
care for  SARS-CoV-2  infection,  as  well  as  an informed  con-
sent  form  regarding  the  use  of  their  personal  clinical  files
for  investigation  purposes.  The  study  complies  with  current
bioethical  standards  and  was  approved  by  our  institution’s
ethics  committee.  The  study and signed  informed  consent
forms  did  not  constitute  an  experimental  treatment  proto-
col,  but  rather  an  empirical  treatment  based  on  continuously
emerging  available  data  on  the  subject.  No  identifying  data
or  images  were  included  in the present  study.

Results

All  patients  hospitalized  at our  center  during the  study
period  were  actively  sick  from  SARS-CoV-2  pneumonia.
Of  the  905  hospital  records  analyzed,  10  patients  met
the  inclusion  criteria,  with  an incidence  of  1.1%.  All  hos-
pitalized  patients  received  the same  standardized  care,
which  included  supportive  measures  and  oxygen  therapy,
ranging  from  nasal  cannulae  to  mechanical  ventilation,  as
needed,  in  addition  to the  following  standardized  treat-
ment:  methylprednisolone  40  mg  QD  or  dexamethasone
6  mg  QD,  azithromycin  250  mg  QD,  ceftaroline  600  mg  QD,
lopinavir/ritonavir  200/50  mg  BID,  ribavirin  400 mg BID,
enoxaparin  40−60  mg  QD.  Immunomodulators  were  used  as

Table  1 Baseline  characteristics.

Demographics  (n  =  10)

Age,  years  (mean)  61.6

Sex, %  male  70%

BMI, kg/m2 (mean) 29.2

Comorbidities

Diabetes  mellitus,  frequency  (%)  3 (30%)

Arterial  hypertension,  frequency  (%)  4 (40%)

Smoking,  frequency  (%)  3 (30%)

Preoperative  variables

CORADS  score  (mean)  4.7/5

Time from  admission  to  onset,  days  (mean)  10.6

Admission  to  ICU  before  onset,  frequency  (%) 9  (90%)

Use of  pressors  before  onset,  frequency  (%)  5 (50%)

Mechanical  ventilation  before  onset,

frequency  (%)

8  (80%)

# Baricitinib  doses  (mean)  6.6

follows:  all  patients  were  started  on  baricitinib  4  mg  QD;
if at any point a patient  had  ferritin  levels  >1,000  ng/ml
and  IL-6  >  80  pg/ml,  two  doses  of  tocilizumab  8  mg/kg  were
administered  12  h  apart,  and  baricitinib  was  stopped.

The  rationale  for  the  use  of each  of  those  drugs  was
based on continuously  emerging  data  that  became  available
as  the  pandemic  evolved.  Namely,  steroids  have  been  the
mainstay  of  treatment  worldwide;  antibiotics  were  used  to
prevent  or  treat  superimposed  infections  by  bacterial  organ-
isms;  antivirals  and  immunomodulators  were  used,  as  they
were  emerging  and promising  treatments  during  the second
quarter  of  2020; and  low molecular  weight  heparin  was  used
as  thromboprophylaxis.  Remdesivir  and  ivermectin  were
not  used.  Recommendations  on  the  medical  treatment  of
SARS-CoV-2  infection  have  been  continuously  changing,  and
treatment  protocols  around  the world  must  either adhere
to  the emerging  recommendations  or  establish  their  own
experimental  protocol.  The  former  has been  the  norm  at our
institution,  which  constitutes  empirical  treatment  based  on
ongoing  and  emerging  data  from  around  the world.

Ten patients  were  included,  7 of  whom  were  men  (70%),
with  a mean  age of 61.6  years  and a  mean  BMI  of  29.2  kg/m2.
Three  patients  (30%) had  diabetes  mellitus,  4  patients  had
arterial  hypertension  (40%),  and  3 patients  were  smokers
(30%).  Table  1 shows  their  baseline  characteristics.

Of  the  10  patients  studied,  9  (90%)  were  in the  ICU  at
symptom  onset,  8 of whom  were  under invasive  mechanical
ventilation.  Five of  those  9  critically  ill  patients  were  hemo-
dynamically  unstable,  receiving  vasopressors.  Table  2  shows
the  viral  load  and  biomarkers  at admission.

Regarding  immunomodulator  use,  all  patients  received
baricitinib,  as  well  as  concomitant  steroids  (dexametha-
sone,  methylprednisolone,  etc.).  No  dose  adjustments  were
necessary  in  relation  to  lymphopenia,  as it was  not present
in any of the  patients  in our  case  series. Baricitinib  dosage
was  not adjusted  for  renal  function.  Tocilizumab  was  used
in  2  (20%) patients.

Eight  patients  were  diagnosed  through  an abdominal  CT
scan,  6 of  whom  presented  with  signs of  pneumoperitoneum,
suggesting  bowel perforation  (Fig.  1A).  One  patient  pre-
sented  with  thrombosis  of  the  superior  mesenteric  artery
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Table  2  Admission  biomarkers.

Biomarker  Median  Range

Viral  Load  (copies/ml)  3383  (45.2---35060)

Leu (×103/ml)  11.2  (4.6−15.5)

LDH (U/l)  376  (190---684)

CRP (mg/l)  17.6  (3.42−45.10)

D-Dimer (ng/l)  353  (8---2117)

Procalcitonin  (ng/ml)  0.2  (0.06−1.28)

Ferritin (ng/ml)  1098  (16.3---4011)

IL-6 (pg/ml) 63.2  (3.71---1624)

BNP (pg/ml) 35.3  (10---342)

Troponin  (ng/l) 16.6  (1.5---383)

Neutrophils  (%) 88.1  (69.6−92.8)

Platelets (×103/ml)  280 (105---520)

Lactate  (mmol/l)  2.1  (1−3.71)

Creatinine  (mg/dl)  0.8  (0.6−6.6)

Fibrinogen  (mg/dl)  438.5  (65---643)

BNP: brain natriuretic peptide; CRP: C-reactive protein; LDH:

lactate dehydrogenase; Leu: leukocytes.

(Fig.  1B),  with  no  free  air  or  signs of  perforation.  The  other
patient  presented  with  an enterocutaneous  fistula,  connect-
ing  a  previous  (14-year)  jejunostomy  site with  the skin, as
shown  on  the CT. Two  patients  were  diagnosed  through  a
plain  chest  X-ray  that revealed  subdiaphragmatic  air  consis-
tent  with  bowel  perforation  (Fig. 1C), one  of  whom  (M, 74)
died  7 h  after  diagnosis,  during  preoperative  resuscitation
and  attempts  at  hemodynamic  stabilization  as  preparation
for  emergent  surgery.  All  the other  patients  underwent
laparotomy.

Three  patients  presented  with  small  anterior  perfora-
tions  in  the  ascending  colon  and were managed  with  right
colectomy.  One  of  them  (M,  69)  was  re-intervened  due  to
signs  of  hemodynamic  shock;  an  inferior  vena  cava  lacera-
tion,  resulting  from  a  challenging  dissection  of  the  ascending
colon  due  to  localized  phlegmon  during the  initial  surgery,
was  identified  and repaired,  and the  patient  died  12  h  later.
The  other  two  patients  were discharged  (M,  34; F, 54).
None  of those  3  patients  underwent  primary  anastomosis,
and  none  had signs of  thrombosis  in the histopathologic
review.

Four  patients  presented  with  small  perforations  in the
proximal  small  bowel  (jejunum)  (Fig.  2A),  all  on  their  mesen-
teric  attachment.  The  first  patient  (M,  51)  presented  with  a

perforated  jejunal  diverticulum.  The  second  patient  (F,  79)
presented  with  4 jejunal  diverticula.  They  were  both  man-
aged  with  resection  of the affected  segment  (Fig.  2B)  and
primary  end-to-end  anastomosis.  The  pathology  study  of  the
first  patient  reported  mesenteric  small bowel  thrombosis,
and the other  study  reported  only  perforated  diverticula
with  local  inflammation.  The  first  patient  was  discharged;
the  second  patient  died  12  days  after  surgery.  The  third
patient  (M, 67)  presented  with  a 2 mm jejunal  perforation  at
a  distance  of  10  cm  from  the duodenojejunal  junction.  The
injury  was  managed  with  primary  repair  and gastrojejunos-
tomy  bypass;  no  surgical  specimen  was  studied.  The  patient
died  48  h  after  surgery.  The  last  patient  (M,  73)  developed
an  enterocutaneous  fistula  connecting  a previous  jejunos-
tomy  site  with  the  abdominal  wall  skin, while  hospitalized
for  SARS-CoV-2  infection  under  our  treatment  protocol.
He  underwent  bowel  resection  and  primary  end-to-end
anastomosis.  The  pathology  study  reported  no  mesenteric
thrombosis,  and  the patient  was  discharged  after  a  success-
ful  recovery.

One  patient  (M,  55)  presented  with  bowel  necrosis  affect-
ing  the most  distal  250 cm of the small  bowel,  requiring
resection  of  the  affected  portion  (Fig.  2C),  with  the creation
of  an end  jejunostomy.  Because  the  viability  of  his  ascending
colon  was  uncertain,  an  intraperitoneal  negative  pressure
device  (ABThera®, KCI,  San  Antonio,  TX,  USA)  was  used,
planning  a  second-look.  The  patient  was  re-intervened  48  h
later,  finding  a viable ascending  colon;  the ABThera  system
was  removed,  and  his abdominal  wall  closed.  The  pathology
study  reported  wall  necrosis  and mesenteric  ischemia  and
thrombosis.  The  patient  died  28  days  after  surgery.

One  patient  (F,  60)  presented  with  both  a sigmoid  colon
perforation  and  a  terminal  ileum  perforation,  which  were
managed  with  a  Hartmann’s  procedure  and concomitant
small  bowel resection,  with  primary  end-to-end  anastomo-
sis.  The  pathology  study  reported  a  perforated  colon,  with
no  signs of  thrombosis,  and  the patient  was  discharged  after
recovery.

The  mean  time  interval  from  admission  to  abdominal
symptom  onset  was  10.6  days  (range  7---16).  Overall  inpa-
tient  mortality  due  to SARS-CoV-2  infection  at  our  hospital
is  10.05%.  In our study  group,  five  patients  survived,  resul-
ting  in  a  50%  mortality  rate  and  a relative  risk  of  death  of
4.97,  compared  with  the rest  of  our  hospital’s  SARS-CoV-2
population.  The  full details  of each of  our  study patients
are  included  in Table  3.

Figure  1  (A)  CT  scan  showing  pneumoperitoneum  (arrow).  (B)  CT scan  showing  superior  mesenteric  artery  thrombosis  (arrow).

(C) Chest  X-ray  showing  subdiaphragmatic  air  (arrows).
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Table  3  Results.

Patient  Viral  load  Days  since

admission

Findings  Procedure  Primary

anastomosis

Pathology

report

Final  result

1  35060  7  Ascending  colon

perforation

Right  colectomy  No  Perforated

colon

Discharge

2 47.77  16  Ascending  colon

perforation

Right  colectomy  No  Transmural

necrosis

Death

3 1668  12  Perforated  jejunal

diverticulum

Bowel  resection  Yes  Mesenteric

thrombosis

Discharge

4 395548  7  Jejunal  perforation  Bowel  repair  ---  ---  Death

5 12515  7  Small  bowel  necrosis  Bowel  resection  No  Mesenteric

thrombosis

Death

6 45.2  13  --- ---  ---  ---  Death

7 2480  14  Enterocutaneous

fistula  with  abscess

Bowel  Resection  Yes  Chronic

peritonitis

Discharge

8 3338  12  Sigmoid

perforation  + terminal

ileum  perforation

Hartmann’s

procedure  + bowel

resection

Yes  (small

bowel)

Chronic

peritonitis

Discharge

9 7531  10  Perforated  jejunal

diverticula  (3)

Bowel  resection  Yes  Perforated

diverticula

Death

10 3428  8  Ascending  colon

perforation

Right  colectomy  No  Perforated

colon

Discharge

Patient #  Baricitinib  doses  #  Tocilizumab  doses  Vasopressin  dose*  Norepinephrine  dose*  Weight  LMWH  dose

1  3  0  ---  ---  90  60  mg  QD

2 3  0  .06  U/min  0.8  mcg/kg/min  91  80  mg  QD

3 8  0  ---  ---  100  60  mg  QD

4 0  0  .04  U/min  .4  mcg/kg/min  85  60  mg  QD

5 3  0  ---  .06  mcg/kg/min  89  80  mg  QD

6 7  0  .06  U/min  .5  mcg/kg/min  84  60  mg  QD

7 6  0  ---  ---  91  80  mg  QD

8 7  2  .04  U/min  .05  mcg/kg/min  99  80  mg  QD

9 10  0  .04  U/min  .11  mcg/kg/min  62  40  mg  QD

10 8  2  .04  U/min  .08  mcg/kg/min  94  60  mg  QD

* Initial dose; continually titrated to achieve adequate mean arterial pressures.

3
8
2



Revista  de  Gastroenterología  de  México  86  (2021)  378---386

Figure  2  (A)  Surgical  specimen  of  jejunum  resection  showing  full  thickness  perforation.  (B)  Resected  small  bowel,  same  patient,

showing full  thickness  perforation  and  hematoma  in the  mesentery.  (C)  Resected  small  bowel;  patchy  areas  of  necrosis  can  be seen.

Discussion

With  an  incidence  of  1.1%,  and  a  relative  risk  of  death  of
4.97,  as  reported  in our  study,  severe  bowel complications  in
hospitalized  patients  with  SARS-CoV-2  infection  are emerg-
ing  as  a  serious,  life-threatening  phenomenon.  Interestingly,
the  outcome  of those  patients  accounts  for  5.49%  of our
hospital’s  SARS-CoV-2  deaths.  The  proposed  mechanisms
of  viral  injury  to  the gastrointestinal  tract  have  already
been  discussed.  At  present,  8  single  case  reports  have  been
published  worldwide5---13.  One  case  series  with  7 patients
was  also  published  by  Norsa et  al.14,  but  it provides  lit-
tle  information  on  diagnosis,  surgical  findings,  and  previous
treatment.  In  a  case  series  presented  by  Gao  et  al.15,  they
described  4 patients  with  acute  abdomen,  all  of  whom  were
initially  suspected  of  having  SARS-CoV-2  infection,  but  ulti-
mately  tested  negative.  Ignat  et  al.16 reported  a  case  series
of  3 patients  that  developed  bowel  ischemia,  while  hos-
pitalized  for  SARS-CoV-2  infection  in France.  However,  no
mention  was  made  of  the  time  interval  from  admission  to
the  development  of  acute  abdomen,  or  of  the prior  care
received  while  hospitalized.  Kaafarani  et  al.17 presented  a
case  series  of  141  critically  ill  patients,  describing  gastroin-
testinal  complications  related  to  SARS-CoV-2  infection,  in
which  5 patients  (3.54%)  presented  with  bowel ischemia.
Lastly,  Bhayana  et al.18 presented  a radiology-oriented  case
series that  included  radiologic  and  surgical  details  of  4
SARS-CoV-2  patients  with  mesenteric  thrombosis.  All  the
published  literature  and  available  details  appear  in Table  4,
except  for  the study  by  Kaafarani  et  al.  Their  case  series  was
excluded  from  the  table  because  it  lacked  individual  patient
details  and  did not  specify the  survival  results.  To  the  best
of  our  knowledge,  ours  is  the  first  fully  comprehensive  case
series  on the subject.

Our  rationale  for  using  baricitinib  and tocilizumab  to
treat  SARS-CoV-2  pneumonia  was  based on  available  litera-
ture  at  the  inception  of our  treatment  protocol,  all  of  which
was  observational.  No  protocol  changes  were  made  during
our  study  period.  The  first  prospective  trial  on  tocilizumab
(Phase  III  COVACTA  Study),  which  was  being carried  out by
the  Roche  Group,  has been halted  because  the interim  analy-
sis  showed  it did not  meet  its  intended  endpoints,  according
to  a  recent  publication  on  their  website.  However,  that
occurred  after  our  data  collection.

Several  hypotheses  have been  proposed  as to  why  SARS-
CoV-2  appears  to  cause  gastrointestinal  injury,  as explained
by  Pan  et  al.  First,  the  virus  can upregulate  the  expression

of ACE-2  receptors,  which  allows  further  entry of  the virus
into  digestive  cells.  Similarly,  it  can  directly  or  indirectly
damage  the  gastrointestinal  system  through  an  inflamma-
tory  response.  Furthermore,  given  that  the  intestine  is  a
large  organ  of  the immune  system,  the  virus  can  disrupt
the  so-called  ‘‘gut-lung  axis’’  by  causing  changes  in the
composition  and  function  of the  gut  microbiota.  At  the  same
time,  a coagulation  disorder  is  induced  by  systemic  inflam-
mation,  and  hypoxia  and  immobilization  may  also  play  a
role.  Elevated  levels  of  von  Willebrand  factor  have  been
reported  to  be produced  in response  to  damage  to  the
vascular  endothelium,  which  expresses  ACE-2  receptors19.
Both  of  those  mechanisms  may  contribute  to  mesenteric
thrombosis,  which  can  lead  to  intestinal  ischemia.  Finally,
mesenteric  ischemia  may  simply  be a consequence  of  hemo-
dynamic  shock  because  of  SARS-CoV-2  pneumonia20,21.

Acute  mesenteric  ischemia  secondary  to  thrombosis
can  be explained  by  the  hypercoagulation  state  already
attributed  to  SARS-CoV-2  infection,  as  was  previously
explained.  However,  spontaneous  perforations,  such as
those  described  in our  patients,  raise  the  question  of
whether  the  mechanism  is  simply  the ACE-2  receptor-
mediated  direct  injury  mentioned  above,  or  if there  are
other  factors  at play,  possibly  including  an aspect  of  the
protocolized  care  received.  Interestingly,  the  spontaneous
perforations  seem  to  occur  predominantly  in either  the
cecum  or  the proximal  jejunum.  Furthermore,  both  Kaa-
farani  et al. and  Bhayana  et al. noticed  a patchy,  yellowish
discoloration  of  the  bowel serosa  in the  ischemic  lesions  they
observed,  as  opposed  to the usual  purple  or  black  color of
necrotic  bowel.  We  observed  no  unusual  discoloration  in  our
patients.

Limitations  of  the present  case  series  include  its  retro-
spective  nature and  the  lack  of  a control  group,  serving  as
the  motivation  for  a case-control  study  that  is already  under-
way.  An  important  limitation  of  the  new  case-control  study
will  be the impossibility  of analyzing  the use  of  immune-
based  drugs  and  corticosteroids  as  a  risk  factor,  since  all
of  our  patients  receive  them,  and  so both  the cases  and
controls  will  have  the same  exposure.  Nevertheless,  it  will
be  interesting  to  compare  those  patients  with  the rest  of
the  population  that  did  not  develop  bowel  complications,
comparing  their  viral loads  and  other  markers  of  disease
severity.  Inclusion  in the  present  study  of  the  patient  with
an  enterocutaneous  fistula  was  discussed  thoroughly  among
the  authors  and we  decided  against  exclusion  for two  rea-
sons.  First,  the  patient  met all the inclusion  criteria.  Second,
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Table  4  Literature  search  for  other  case  reports  involving  bowel  ischemia,  thrombosis,  or  perforation  in hospitalized  SARS-CoV-2  patients.

Author  n  Sex  Age  Diagnostic  tool  Free  air  image  Thrombosis  (CT)  Surgery  Affected  site  Necrosis  present  Perforation  Survival

Norsa  1  M  62  CT  No Yes  Bowel  resection  Small  bowel  Yes  No No

Bhayana 4  ---  ---  CT  No Yes  Bowel  resection  Small  bowel  Yes  No ---

--- ---  CT  No Yes  Laparotomy  Small  bowel  Yes  No ---

--- ---  CT  No Yes  Laparotomy  Small  bowel  No  No ---

--- ---  CT  No Yes  Laparotomy  Colon/stomach  No  No ---

Farinaa 1  M  70  CT  No Yes  No Small  bowel  ---  ---  No

Azouz 1  M  56  CT  No No  Bowel  resection  Small  bowel  Yes  ---  ---

Norsa 7  M  85  CT

Information  not  provided

as  per-patient

Two  patients  had  marked

colon  wall  edema

Four  patients  had

pneumatosis  intestinalis

One  patient  had  inferior

vena  cava  and  superior

mesenteric  vein

thrombosis

Information  on surgery  or

surgical  findings  not

provided

Yes

F 71  Endoscopy  Yes

M 69  CT  No

F 79  CT  Yes

M 63  CT  No

M 62  CT  No

F 83  CT  No

Chan 1  M  73  CT  No Yes  No Sigmoid  colon  ---  ---  No

De Nardi  1  M  53  CT  Yes  Yes  (PE)  Right  colectomy  Ascending  colon  No  Yes  Yes

Neto 1  F  80  CT  Yes  No  Sigmoidectomy  Sigmoid  colon  No  Yes  No

Winnicka 1  M  73  Radiography  Yes  ---  No ---  ---  ---  Yes

Guardiola 1  M  66  CT  Yes  No  Right  colectomy  Ascending  colon  No  Yes  ---

Gaob 4  F  71  ---  ---  ---  Bowel  resection  Small  bowel  No  ---  Yes

M 41  ---  ---  ---  Bowel  resection  Small  bowel  Yes  ---  Yes

M 52  ---  ---  ---  Bowel  repair  Small  bowel  No  Yes  Yes

M 63  ---  ---  ---  Bowel  repair  Small  bowel  No  Yes  Yes

Bianco 1  M  59  CT  No No  Bowel  resection  Small  bowel  Yes  No No

CT: computed tomography; F: female; M: male; PE: pulmonary embolism.
a Farina et  al. reported a case of  a suspected COVID patient with negative PCR.
b All patients reported by Gao et  al. were initially suspected of having COVID, but ultimately tested negative.
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regardless  of the previous  jejunostomy,  which  was  success-
fully  closed  14  years  earlier,  and  taking  into  consideration
the  patient’s  uneventful  recovery  since  then,  we  believe  it
is  unlikely  that  the reopening  at  the jejunostomy  site  would
have  occurred,  had  the  patient  not  been  hospitalized  for
SARS-CoV-2  pneumonia.  Furthermore,  all  enterocutaneous
fistulae  occur  in  the context  of  bowel  perforation  or  loss
of  integrity  of  the bowel  wall,  which  is  why that  patient  is
discussed  in the  small bowel  perforation  section.

Because  no  correlation  or  association  can  be  expected
from  a  small  case  series,  no  definitive  conclusions  could
be  made.  However,  the  authors  of  the  present  article  rec-
ommend  the  use  of  prophylactic  anticoagulation  in any
treatment  regimen  for  SARS-CoV-2  infection,  as  well  as
the  constant  evaluation  of  hospitalized  patients  for  the
development  of abdominal  symptoms.  Studies  on the safety
profile  of  medications  already  being  used to  treat  SARS-CoV-
2  must  also be  performed,  as  immune-based  drugs,  such
as  tocilizumab  and  baricitinib,  have  already  been  associ-
ated  with  a risk  of spontaneous  bowel  perforation6,22---24.
Corticosteroid  use  and  its  relation  to  gastrointestinal  perfo-
ration  have  been  discussed  as  early  as  198025,26,  and a  more
recent  cohort  study  in 2017  found  that  corticosteroid  use
greatly  increased  mortality  (i.e.,  doubled  it),  in  the  context
of  bowel  perforation27. As  the  current  pandemic  advances
and  more  cases  with  gastrointestinal  complications  present,
further  studies  may  elucidate  the mechanism  of  said  phe-
nomenon,  determine  the  risk  factors  involved,  and establish
preventive  measures.  Therefore,  we  urge  all  authors  con-
tributing  to  the  discussion  of this  topic  to  provide  full
details  on  hospital  admission  and the  perioperative  period,
describing  the complete  treatment  protocol  for  patients
with  SARS-CoV-2  infection.

Because  no  correlation  or  association  can  be  expected
from  a  small  case  series,  no  definitive  conclusions  could
be  made.  However,  the  authors  of  the  present  article  rec-
ommend  the  use  of  prophylactic  anticoagulation  in any
treatment  regimen  for  SARS-CoV-2  infection,  as  well  as
the  constant  evaluation  of  hospitalized  patients  for  the
development  of abdominal  symptoms.  Studies  on the safety
profile  of  medications  already  being  used to  treat  SARS-CoV-
2  must  also be  performed,  as  immune-based  drugs,  such
as  tocilizumab  and  baricitinib,  have  already  been  associ-
ated  with  a risk  of spontaneous  bowel  perforation6,22---24.
Corticosteroid  use  and  its  relation  to  gastrointestinal  perfo-
ration  have  been  discussed  as  early  as  198025,26,  and a  more
recent  cohort  study  in 2017  found  that  corticosteroid  use
greatly  increased  mortality  (i.e.,  doubled  it),  in  the  context
of  bowel  perforation27. As  the  current  pandemic  advances
and  more  cases  with  gastrointestinal  complications  present,
further  studies  may  elucidate  the mechanism  of  said  phe-
nomenon,  determine  the  risk  factors  involved,  and establish
preventive  measures.  Therefore,  we  urge  all  authors  con-
tributing  to  the  discussion  of this  topic  to  provide  full
details  on  hospital  admission  and the  perioperative  period,
describing  the complete  treatment  protocol  for  patients
with  SARS-CoV-2  infection.
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