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Dear Mrs. Putri,

Your submission entitled "Characteristics of COVID-19  p atients with  p ressure  injuries  in  a COVID-19 referral h ospital
in Surabaya , Indonesia" has been received by the journal editorial office.

You will be able to check on the progress of your paper by logging on to Editorial Manager as an author. 

Additionally, you may view the Additional Information questions to obtain the copyright information by clicking here:
Additional Information

1. Indri Lakhsmi Putri, M.D., Ph.D.

Question: RETAINED RIGHTS: Except for copyright, other proprietary rights related to
the Work (e.g., patent or other rights to any process or procedure) shall be
retained by the author. To reproduce any text, figures, tables, or illustrations
from this Work in future works of their own, the author must obtain written
permission from Wolters Kluwer Health, Inc. ("WKH").<br><br>

ORIGINALITY: Each author warrants that his or her submission to the Work
is original, does not infringe upon, violate, or misappropriate any copyright or
other intellectual property rights, or any other proprietary right, contract or
other right or interest of any third party, and that he or she has full power to
enter into this agreement. Neither this Work nor a similar work has been
published nor shall be submitted for publication elsewhere while under
consideration by this Publication.<br><br>

AUTHORSHIP RESPONSIBILITY: Each author warrants that he or she has
participated sufficiently in the intellectual content, the analysis of data, if
applicable, and the writing of the Work to take public responsibility for it. Each
has reviewed the final version of the Work, believes it represents valid work,
and approves it for publication. Moreover, should the editors of the
Publication request the data upon which the work is based, they shall
produce it.<br><br>

PREPRINTS: Upon acceptance of the article for publication, each author
warrants that he/she will promptly remove any prior versions of this Work
(normally a preprint) that may have been posted to an electronic server.<br><br>

DISCLAIMER: Each author warrants that this Work contains no libelous or unlawful statements and does not infringe or
violate the publicity or privacy rights of any third party, libel or slander any third party, contain any scandalous, obscene, or
negligently prepared information, or infringe or violate any other personal or proprietary right of others.  Each author
warrants that the Work does not contain any fraudulent, plagiarized or incorrectly attributed material. Each author
warrants that all statements contained in the Work purporting to be facts are true, and any formula or instruction contained
in the Work will not, if followed accurately, cause any injury, illness, or damage to the user. If excerpts (e.g., text, figures,
tables, illustrations, or audio/video files) from copyrighted works are included, a written release will be secured by the
author prior to submission, and credit to the original publication will be properly acknowledged. Each author further
warrants
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that he or she has obtained, prior to submission, written releases from patients whose names or likenesses are submitted
as part of the Work. Should the Editor or WKH request copies of such written releases, the author shall provide them in a
timely manner.<br><br>

DISCLOSURES/CONFLICT OF INTEREST
Each author must identify any financial interests or affiliations with institutions,
organizations, or companies relevant to the manuscript by completing the
form below. Additionally, any financial associations involving a spouse, partner or children must be disclosed as well.<br>
<br>

Note: Some sections below come from the ICMJE Uniform
Disclosure Form for Potential Conflicts of Interest at http://www.icmje.org/downloads/coi_disclosure.pdf  (dated July
2010).
Response: I agree

Question: Did you or your institution at any time receive payment or support in kind for any aspect of the submitted work
(including but not limited to grants, consulting fee or honorarium, support for travel to meetings for the study or other
purposes, fees for participation in review activities such as data monitoring boards, statistical analysis, end point
committees, and the like, payment for writing or reviewing the manuscript, provision of writing assistance, medicines,
equipment, or administrative support, etc...)?
Response: No

Question: Other: Did you or your institution at any time receive additional payments or support in kind for any aspect of
the submitted work?
Response: No, our institution at any time did not receive additional payments or support in kind for any aspect of the
submitted work.

Question: Please indicate whether you have financial relationships (regardless of amount of compensation) with entities.
You should report relationships that were present during the 36 months prior to submission including board membership,
consultancy, employment, expert testimony, grants/grants pending, payment for lectures including service on speakers
bureaus, payment for manuscript preparation,  patents (planned, pending or issued), royalties, payment for development
of educational presentations, stock/stock options, travel/accommodations/meeting expenses unrelated to activities listed
(for example, if you report a consultancy above there is no need to report travel related to that consultancy), etc.
Response: No

Question: Other (err on the side of full disclosure): Please indicate whether you have any additional financial relationships
(regardless of amount of compensation) with entities. You should report relationships that were present during the 36
months prior to submission.
Response: We did not have any additional financial relationships (regardless of amount of compensation) with entities.

Question: Other Relationships<br>
Are there other relationships or activities that readers could perceive to have influenced, or that give the appearance of
potentially influencing, what you wrote in the submitted work?
Response: No other relationships/conditions/circumstances that present potential conflict of interest

Question: AUTHOR'S OWN WORK: In consideration of WKH's publication of the Work, the author hereby transfers,
assigns, and otherwise conveys all his/her copyright ownership worldwide, in all languages, and in all forms of media now
or hereafter known, including electronic media such as CD-ROM, Internet, and Intranet, to WKH. If WKH should decide
for any reason not to publish the Work, WKH shall give prompt notice of its decision to the corresponding author, this
agreement shall terminate, and neither the author nor WKH shall be under any further liability or obligation. Each author
grants WKH the rights to use his or her name and biographical data (including professional affiliation) in the Work and in
its or the journal's promotion. Notwithstanding the foregoing, this paragraph shall not apply, and any transfer made
pursuant to this paragraph shall be null and void if (i) the Work has been accepted by WKH for publication, and (ii) the
author chooses to have the Work
published by WKH as an open access publication.<br><br>
WORK MADE FOR HIRE: If this Work or any element thereof has been
commissioned by another person or organization, or if it has been written as
part of the duties of an employee, an authorized representative of the
commissioning organization or employer must also sign this form stating his or
her title in the organization.<br><br>
GOVERNMENT EMPLOYEES: If the Work or a portion of it has been created
in the course of any author's employment by the United States Government,
check the "Government" box at the end of this form. A work prepared by a
government employee as part of his or her official duties is called a "work of
the U.S. Government" and is not subject to copyright. If it is not prepared as
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part of the employee's official duties, it may be subject to copyright.<br><br>
INSTITUTIONAL REVIEW BOARD/ANIMAL CARE COMMITTEE
APPROVAL: Each author warrants that his or her institution has approved the
protocol for any investigation involving humans or animals and that all
experimentation was conducted in conformity with ethical and humane
principles of research.<br><br>
WARRANTIES: Each author warranty made in this form is for the benefit of
WKH and the Editor; each author agrees to defend, indemnify, and hold
harmless those parties for any breach of such warranties.
Response: I agree

Question: The journal will permit the author(s) to deposit for display a "final
peer-reviewed manuscript" (the final manuscript after peer-review and
acceptance for publication but prior to the publisher's copyediting, design,
formatting, and other services) 12 months after publication of the final article on
the author's personal web site, university's institutional repository or employer's
intranet, subject to the following: <br><br>
* You may only deposit the final peer-reviewed manuscript.<br><br>
* You may not update the final peer-reviewed manuscript text or replace it with a
proof or with the final published version.<br><br>
* You may not include the final peer-reviewed manuscript or any other version of
the article on any commercial site or in any repository owned or operated by
any third party. For authors of articles based on research funded by the National Institutes of Health ("NIH"), Wellcome
Trust, Howard Hughes Medical Institute ("HHMI"), or other funding agency, see below for the services
that WKH will provide on your behalf to comply with "Public Access Policy"
guidelines.<br><br>
* You may not display the final peer-reviewed manuscript until twelve months
after publication of the final article.<br><br>
* You must attach the following notice to the final peer-reviewed manuscript:
"This is a non-final version of an article published in final form in (provide
complete journal citation)".<br><br>
* You shall provide a link in the final peer-reviewed manuscript to the journal website.
Response: I agree

Question: "Public Access Policy" Funding Disclosure<br>Please disclose below if you have received funding for research
on which your article is based from any of the following organizations:
Response:

Question: Please select:
Response: Author's Own Work

Question: Any additional comments?
Response: The author(s) declared that no grants were involved in supporting this work.

Question: <u>Compliance with RCUK and Wellcome Trust Open Access Policies</u><br>
Both the Research Councils UK (RCUK) and the Wellcome Trust have
adopted policies regarding Open Access to articles that have been funded
by grants from the RCUK or the Wellcome Trust. If either “Wellcome
Trust” or “Research Councils UK (RCUK)” has been selected above, and
the authors of the applicable article choose to have the article published
as an open access publication, the following policies will apply:<br><br>
* If the article is to be published pursuant to the “Gold” route of Open
Access, both the RCUK and the Wellcome Trust require that WKH make
the article freely available immediately pursuant to the Attribution 4.0
Creative Commons License, currently found at <a href=' http://creativecommons.org/licenses/by/4.0/legalcode'
target='_blank'>http://creativecommons.org/licenses/by/4.0/legalcode</a>
(the “CC BY License”). The CC BY License is the most accommodating of the
Creative Commons licenses and allows others to distribute, remix,
tweak, and build upon the article, even commercially, as long as they
credit the authors for the original creation.<br><br>
* If the article is to be published pursuant to the “Green” route of Open
Access, both the RCUK and the Wellcome Trust require that WKH make
the article freely available within six months pursuant to the Attribution-
NonCommerical 4.0 Creative Commons License, currently found at
<a href=' http://creativecommons.org/licenses/by-nc/4.0/legalcode' target='_blank'>http://creativecommons.org/licenses/
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by-nc/4.0/legalcode</a> (the “CC
BY-NC License”). The CC BY-NC License allows others to remix, tweak,
and build upon the article non-commercially, and although their new
works must also acknowledge the authors for the original creation and
be non-commercial, they don't have to license their derivative works on
the same terms.<br><br>
As a service to our authors, WKH will identify the National Library of Medicine
(NLM) articles that require deposit pursuant to the RCUK and Wellcome Trust
policies described in this section. This Copyright Transfer Agreement provides the
mechanism for identifying such articles.<br><br>
WKH will transmit the final peer-reviewed manuscript of an article based on
research funded in whole or in part by either RCUK or the Wellcome Trust to Pub
Med Central.<br><br>
Upon NIH request, it remains the legal responsibility of the author to confirm with
NIH the provenance of his/her manuscript for purposes of deposit. Author will not
deposit articles him/herself. Author will not alter the final peer-reviewed manuscript
already transmitted to NIH.<br><br>
With respect to the “Green” route of Open Access, author will not authorize the
display of the final peer-reviewed manuscript prior to 6 months following
publication of the final article.<br><br>
Authors of articles that have been funded from grants from the RCUK or the
Wellcome Trust are required to sign the WKH Open Access License Agreement
prior to publication of the applicable article. Please contact the Editorial Office of
the applicable journal to receive the Open Access License Agreement that is to be
signed in connection with the publication of the article.
Response: I agree

Question: I am the person in question for this submission or otherwise have approval to complete this agreement.
Response: I agree

Question: CME/CE Disclosure<br><br>
Each author must identify and disclose any financial associations involving a spouse, partner or children by completing
the Family Disclosure question below, and whether any off-label uses or
unapproved drugs or devices are discussed in his/her manuscript by completing the Off-Label Use/Unapproved Drugs or
Products question below. In the event that the Work is published as a continuing education or continuing
medical education article, this information will be provided to the accrediting body and may be included in the published
article. When applicable, articles accepted for
publication may need to comply with additional standards related to CME or CE accreditation. Please refer to guidelines
for authors for details.
WKH and its affiliates reserve the right to publish the manuscript as a continuing education article.
Response: I agree

Question: Family Disclosure<br><br>
Do your children or your spouse or partner have financial relationships with entities that have an interest in the content of
the submitted work?

Response: No other relationships/conditions/circumstances that present potential conflict of interest

Question: Off-Label Use/Unapproved Drugs or Products<br><br>
If your manuscript discusses an unlabeled use of a commercial product or device or an investigational use of a product or
device not yet approved by the FDA for any
purpose, you must specifically disclose in the manuscript that the product is not labeled for the use under discussion or
that the product is still investigational. Please check
the item below that applies to you
Response: I will not discuss unlabeled/investigational uses of any commercial product or device

Question: As of August 3, 2021, all new submissions for journals other than Advances in Skin and Wound Care should be
submitted to the new Editorial Manager sites. Advances in Skin and Wound Care submissions will continue on this site.
<br><br>

<b>Nurse Practitioner</b> Editorial Manager site - https://www.editorialmanager.com/nursepract<br>
<b>Nursing Management</b> Editorial Manager site - https://www.editorialmanager.com/nmg<br>
<b>Nursing 202</b>1 Editorial Manager site - https://www.editorialmanager.com/nsg<br>
<b>Nursing Made Incredibly Easy</b> Editorial Manager site - https://www.editorialmanager.com/nmie
Response: I understand
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Question: <b>Enter the word count of your article</b> (excluding citations and legends).
Response: 3088No

Question: <b>Is this paper being considered by any other publisher?  Yes or No.</b>  (We do not accept simultaneous
submissions.)
Response: No, this paper is not being considered by any other publisher.

Question: Was this manuscript invited by an editor and/or is it intended for a particular section or column in the journal? If
so, please enter the inviting editor's name and/or section/column below.
Response: No, this manuscript is not invited by an editor and/or is it intended for a particular section or column in the
journal.

Question: Is this paper being submitted as part of a course requirement?
Response: No

Question: Please provide a 1-2 sentence description of your article and its significance in lay terms.
Response: As a possible risk for severity, health professional should put attention to the increase in d-dimer in COVID-19
patients who develop pressure injury. Pressure injuries in COVID-19 patients may not result in immediate mortality, an
increase in morbidity may be prevented with proper treatment.

Question: Please add any relevant social media handles/usernames for promotional purposes.
Response: No relevant social media handles/usernames for promotional purposes.
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Your manuscript will be given a reference number once an Editor has been assigned.

Thank you for submitting your work to this journal.

Kind Regards,

Advances in Skin & Wound Care

__________________________________________________
In compliance with data protection regulations, you may request that we remove your personal registration details at any
time.  (Use the following URL: https://www.editorialmanager.com/lwwesubmissions/login.asp?a=r). Please contact the
publication office if you have any questions.
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Kepada: Indri Lakhsmi Putri <indrilakhsmiputri@fk.unair.ac.id>

Jun 23 2022 11:20:57:978AM

Dear Mrs. Putri,

Your submission entitled "Characteristics of COVID-19  p atients with  p ressure  injuries  in  a COVID-19 referral h ospital
in Surabaya , Indonesia" has been received by Advances in Skin and Wound Care, but cannot be processed until the
following changes are made:

To facilitate blinding, the title and body of the manuscript and images, including credit lines, should not include identifiable
information of any kind, including but not limited to author names/initials; facility names; or specific locations such as
cities, provinces, or countries. If necessary, authors may identify this information as [[REDACTED FOR PEER REVIEW]].

In fact, the manuscript appears to include many errors and grammar mistakes. We ask that you review the journal's
author guidelines before resubmission: https://journals.lww.com/aswcjournal/Pages/informationforauthors.aspx

Please log onto Editorial Manager as an author.  The URL is https://www.editorialmanager.com/lwwesubmissions/.

Your username is: indrilakhsmiputri
https://www.editorialmanager.com/lwwesubmissions/l.asp?i=385594&l=F3CJ3K0E
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manuscript. Please be sure to highlight all changes to the manuscript in yellow so that they are easily assessed upon
resubmission. We look forward to receiving your revised manuscript.

Sincerely,
The Editorial Team of Advances in Skin & Wound Care

Reviewer #1:

The submission is very informative, with good citations. Subject matter is of adequate depth. It is interesting that no
patients had Stage 1 or Stage 4 ulcers.

Reviewer #2: Thank you very much for invitation to review this manuscript.

This article focuses on the skin problem of the patients with COVID-19. It is an issue could be paid more attention.
However, since the 2020, COVID-19 has been a worldwide healthy problem, and management of such patients has
become routine, or so-called "post-pandemic". Here, I have some comments.
1. In the manuscript, the rate of PIs is 1.1% (12/1070). The positive rate is low, the number of patients with PIs is small. It
means it is not able to do the further statistical correlation analysis but descriptive analysis. If the total sample size is large
enough and the positive rate increases, the results can be statistically correlation analyzed, which will be more
meaningful.
2. In the introduction part, page 4 line 5--"A "cytokine storm" may arise as the COVID-19 proceeds…." The pathological
process of COVID-19 is too much elaborated, which is not closely related to PI, it is suggested to simplify.
3. In page4 line45--"The polymerase chain reaction confirmed that the patients were positive for COVID-19."in terms of
the patient recruitment, you recruit patient based on the patient's medical history which diagnosed with COVID-19. But the
specific diagnostic methods need not be stated.
4. Reference 18 should be updated. The 2021 version of PI guideline has been published. Please update.
5. In the Participant part, why do you state the number of PI patient? It is should be in the Result part. Instead, where,
who, when and how the data was selected? Those should be addressed.
6. "PIs to the bridge of the nose caused by noninvasive ventilation face masks was ruled out." were all MDRPI excluded?
Such as gastric tube, oxygen tube, pulse oxygen clip, etc.
7. Do the item in "Median laboratory values" such as Leukocytes、 Total neutrophils、Total lymphocytes、Platelet
count、D-dimer、Creatinine have relation with the development of PI? Why did you select these data?

Reviewer #3:

Thank you for submitting this paper to Advances.
This is a retrospective study with small numbers but you have included some very important information
* confirmed COVID 19 with PCR
* identified comorbidities and obesity
*confirmed the association of morbidity or more severe disease with increased D-dimer levels as previously reported in
the literature

Please provide more information on the statement: "an increase in morbidity can be avoided with the right care."
Please define the right care

Complete Revision Instructions:

PRELIMINARY STEPS:
1. Click on the "Submissions Needing Revision" link.
2. To view the previous decision letter and reviewer comments, please click the blue decision term listed under the View
Decision menu.
2. If you would like to download the previous manuscript in order to make revisions, click on "Download Files" under the
Action menu.

RESUBMISSION STEPS:
3. To BEGIN the RESUBMISSION: Click "Submit Revision" under the Action menu.
4. Proof each screen to ensure the information is still correct (the Title, Authors, etc), then click Next at the bottom of each
page.
5. On the Attach Files screen, be sure to click beside each previous submission item that you would like included in the
following submission. BE SURE TO CHOOSE TO CARRY OVER YOUR COPYRIGHT FORM.

8/1/24, 1:25 PM Email Airlangga University - Advances in Skin and Wound Care Decision

https://mail.google.com/mail/u/0/?ik=e733066fdf&view=pt&search=all&permthid=thread-f:1740058990374555888&simpl=msg-f:174005899037455588… 2/312



6. Now, as you did previously, simply upload the parts of your manuscript. When you are finished, please click Next.
7. Click "Build PDF for My Approval."
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9. Wait for the PDF to Build. When it has been built, you will see the link "View Submission" in the Action menu. Click
"View Submission," and open the manuscript in order to proof your work.
10. If you find problems with the manuscript, please click "Edit Submission" from the Action menu. Make the appropriate
changes, beginning again at step 3.
11. If you find no problems with the manuscript, please click "Approve Submission" from the Action menu. Your re-
submission is now complete!
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Author's Response To Reviewer Comments

Close

Dear Editor,
Here we have reviewed the reviewer’s comments and answered them accordingly. The answers are in italics.
Editor/Reviewers' comments:

Reviewer #1:
The submission is very informative, with good citations. Subject matter is of adequate depth. It is interesting that no
patients had Stage 1 or Stage 4 ulcers.
Thank you for the comment. It is possible that no patients had stage 1 or stage 4 ulcers because stage 1 is frequently
misdiagnosed, and no patients had stage 4 because good management was provided during stages 2 and 3 (we have
included it in the revision of the manuscript, in the discussion).

Reviewer #2:
1. In the manuscript, the rate of PIs is 1.1% (12/1070). The positive rate is low, the number of patients with PIs is small.
It means it is not able to do the further statistical correlation analysis but descriptive analysis. If the total sample size is
large enough and the positive rate increases, the results can be statistically correlation analyzed, which will be more
meaningful.
Thank you for the comment, the 1070 patients admitted for COVID-19 were of varying degree of severity. We feel that it
cannot be considered as a true ratio, since the denominator should only be patients with less activity such as ICU
patients, as immobilization is a known risk factor. We are open for further suggestions, thank you.
2. In the introduction part, page 4 line 5--"A "cytokine storm" may arise as the COVID-19 proceeds…." The pathological
process of COVID-19 is too much elaborated, which is not closely related to PI, it is suggested to simplify.
Thank you for the comment. We have simplified it in the revision of the manuscript.
3. In page4 line45--"The polymerase chain reaction confirmed that the patients were positive for COVID-19."in terms of
the patient recruitment, you recruit patient based on the patient's medical history which diagnosed with COVID-19. But
the specific diagnostic methods need not be stated.
Thank you for the comment. The reason that we stated the specific diagnostic method was because during the
elimination process, a subjective test done by rapid antigen test might yield a negative PCR test for COVID-19, thus we
feel a positive result by PCR was more credible. We are open for futher suggestion.
4. Reference 18 should be updated. The 2021 version of PI guideline has been published. Please update.
Thank you for the comment. We have updated it in the revision of the manuscript.

5. In the Participant part, why do you state the number of PI patient? It is should be in the Result part. Instead, where,
who, when and how the data was selected? Those should be addressed.
Thank you for the comment. We apologized for this error. We have edited it in the revision of the manuscript.
6. "PIs to the bridge of the nose caused by noninvasive ventilation face masks was ruled out." were all MDRPI excluded?
Such as gastric tube, oxygen tube, pulse oxygen clip, etc.
Thank you for the comment. Yes, on all these patients, various MDRPI have been excluded. We have edited it in the
revision of the manuscript.
7. Do the item in "Median laboratory values" such as Leukocytes、 Total neutrophils、Total lymphocytes、Platelet count、
D-dimer、Creatinine have relation with the development of PI? Why did you select these data?
Thank you for the comment. Increase in Leukocytes, thrombocytopenia are commonly present during sepsis. Whereby
sepsis disrupts wound healing and might worsen the pressure injury.
Neutrophil to lymphocyte ratio (NLR) is considered as a sign of physiological stress, but may also a predictor for sepsis. A
NLR value above 10 could also be a potential parameter for assessing sepsis severity.
An increase in d-dimer as a result of cytokine storm may indicate an increase state of hypercoagulability, which then
increase formations of microembolis that may worsen the development of PI.
We have added further explanation on the matter in the discussion on page 5 line 22.

Reviewer #3:
Thank you for submitting this paper to Advances.
This is a retrospective study with small numbers but you have included some very important information
* confirmed COVID 19 with PCR
* identified comorbidities and obesity
*confirmed the association of morbidity or more severe disease with increased D-dimer levels as previously reported in
the literature

1. Please provide more information on the statement: "an increase in morbidity can be avoided with the right care."
Please define the right care
Thank you for the comment. The definition of right care suggested during the COVID-19 pandemic was to help prevent
and manage PIs, improvement of mobility, improvement of contributing factors such as anti-shock therapy to improve
skin perfusion, positioning and use of pressure relieving devices, minimization of excess moisture and correction of
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malnutrition, and close daily monitoring of pressure injury and the dressing could be helpful. We have included it in the
revision of the manuscript on page 6 line 16.
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Dear Mrs. Putri,

The PDF for your submission, "Characteristics of COVID-19 patients with pressure injuries in a COVID-19 referral
hospital" is ready for viewing. 

If you have not already approved the submission online, please go to https://www.editorialmanager.
com/lwwesubmissions/ to approve your submission.

Your username is: indrilakhsmiputri
https://www.editorialmanager.com/lwwesubmissions/l.asp?i=388110&l=H64BW7SL

Your submission must be approved in order to complete the submission process and send the manuscript to the journal
editorial office. 

Please view the submission before approving it to be certain that your submission remains free of any errors. 

Thank you for your time and patience.
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Abstract: Introduction: For more than two years, Corona Virus Disease 2019 (COVID-19) has
been a global pandemic. As the number of patients admitted to hospitals grows,
particularly in the intensive care unit (ICU), more of these individuals are vulnerable to
pressure injury (PI) as a result of disease complications.
Methods: This retrospective study describes the data of COVID-19 patients treated at a
COVID-19 referral hospital from March 2020 to June 2021, who experienced pressure
injuries either before or after admission. The patients’ profile, symptoms, comorbidities,
location and severity of pressure injury, laboratory values, oxygen therapy, length of
stay (LOS), and usage of vasopressors were all presented.
Results: During the study period, 1070 patients were hospitalized for COVID-19 with
varying degree of severity, twelve patients were diagnosed with PI. Eight (66.7%) of
the patients were men. The median age was 60 (51–71), and half of the patients were
obese. Eleven (91.4%) patients had at least one concurrent condition. The sacrum and
gluteus were the two most commonly affected sites. Those with stage 3 PI had a
substantially greater median d-dimer (7,900 ng/mL) than patients with stage 2 PI
(1,100 ng/mL). The average length of stay (LOS) was 22 days (9.8 – 40.3).
Conclusion: Health professionals should be aware of an increase in d-dimer in COVID-
19 patients who suffer from pressure injury. Even though pressure injuries in these
patients might not result in immediate mortality, an increase in morbidity can be
avoided with the right care.

Response to Reviewers: Dear Editor,
Here we have reviewed the reviewer’s comments and answered them accordingly. The
answers are in italics.
Editor/Reviewers' comments:

Reviewer #1:
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The submission is very informative, with good citations. Subject matter is of adequate
depth. It is interesting that no patients had Stage 1 or Stage 4 ulcers.
Thank you for the comment. It is possible that no patients had stage 1 or stage 4 ulcers
because stage 1 is frequently misdiagnosed, and no patients had stage 4 because
good management was provided during stages 2 and 3 (we have included it in the
revision of the manuscript, in the discussion).

Reviewer #2:
1. In the manuscript, the rate of PIs is 1.1% (12/1070). The positive rate is low, the
number of patients with PIs is small. It means it is not able to do the further statistical
correlation analysis but descriptive analysis. If the total sample size is large enough
and the positive rate increases, the results can be statistically correlation analyzed,
which will be more meaningful.
Thank you for the comment, the 1070 patients admitted for COVID-19 were of varying
degree of severity. We feel that it cannot be considered as a true ratio, since the
denominator should only be patients with less activity such as ICU patients, as
immobilization is a known risk factor. We are open for further suggestions, thank you.
2. In the introduction part, page 4 line 5--"A "cytokine storm" may arise as the COVID-
19 proceeds…." The pathological process of COVID-19 is too much elaborated, which
is not closely related to PI, it is suggested to simplify.
Thank you for the comment. We have simplified it in the revision of the manuscript.
3. In page4 line45--"The polymerase chain reaction confirmed that the patients were
positive for COVID-19."in terms of the patient recruitment, you recruit patient based on
the patient's medical history which diagnosed with COVID-19. But the specific
diagnostic methods need not be stated.
Thank you for the comment. The reason that we stated the specific diagnostic method
was because during the elimination process, a subjective test done by rapid antigen
test might yield a negative PCR test for COVID-19, thus we feel a positive result by
PCR was more credible. We are open for futher suggestion.
4. Reference 18 should be updated. The 2021 version of PI guideline has been
published. Please update.
Thank you for the comment. We have updated it in the revision of the manuscript.

5. In the Participant part, why do you state the number of PI patient? It is should be in
the Result part. Instead, where, who, when and how the data was selected? Those
should be addressed.
Thank you for the comment. We apologized for this error. We have edited it in the
revision of the manuscript.
6. "PIs to the bridge of the nose caused by noninvasive ventilation face masks was
ruled out." were all MDRPI excluded? Such as gastric tube, oxygen tube, pulse oxygen
clip, etc.
Thank you for the comment. Yes, on all these patients, various MDRPI have been
excluded. We have edited it in the revision of the manuscript.
7. Do the item in "Median laboratory values" such as Leukocytes、 Total neutrophils、
Total lymphocytes、Platelet count、D-dimer、Creatinine have relation with the
development of PI? Why did you select these data?
Thank you for the comment. Increase in Leukocytes, thrombocytopenia are commonly
present during sepsis. Whereby sepsis disrupts wound healing and might worsen the
pressure injury.
Neutrophil to lymphocyte ratio (NLR) is considered as a sign of physiological stress,
but may also a predictor for sepsis. A NLR value above 10 could also be a potential
parameter for assessing sepsis severity.
An increase in d-dimer as a result of cytokine storm may indicate an increase state of
hypercoagulability, which then increase formations of microembolis that may worsen
the development of PI.
We have added further explanation on the matter in the discussion on page 5 line 22.

Reviewer #3:
Thank you for submitting this paper to Advances.
This is a retrospective study with small numbers but you have included some very
important information
* confirmed COVID 19 with PCR
* identified comorbidities and obesity
*confirmed the association of morbidity or more severe disease with increased D-dimer
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levels as previously reported in the literature

1. Please provide more information on the statement: "an increase in morbidity can be
avoided with the right care."
Please define the right care
Thank you for the comment. The definition of right care suggested during the COVID-
19 pandemic was to help prevent and manage PIs, improvement of mobility,
improvement of contributing factors such as anti-shock therapy to improve skin
perfusion, positioning and use of pressure relieving devices, minimization of excess
moisture and correction of malnutrition, and close daily monitoring of pressure injury
and the dressing could be helpful. We have included it in the revision of the manuscript
on page 6 line 16.
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Abstract 

Introduction: For more than two years, Corona Virus Disease 2019 (COVID-19) has been a 

global pandemic. As the number of patients admitted to hospitals grows, particularly in the 

intensive care unit (ICU), more of these individuals are vulnerable to pressure injury (PI) as a 

result of disease complications. 

Methods: This retrospective study describes the data of COVID-19 patients treated at a COVID-

19 referral hospital from March 2020 to June 2021, who experienced pressure injuries either 

before or after admission. The patients’ profile, symptoms, comorbidities, location and severity 

of pressure injury, laboratory values, oxygen therapy, length of stay (LOS), and usage of 

vasopressors were all presented. 

Results: During the study period, 1070 patients were hospitalized for COVID-19 with varying 

degree of severity, twelve patients were diagnosed with PI. Eight (66.7%) of the patients were 

men. The median age was 60 (51–71), and half of the patients were obese. Eleven (91.4%) 

patients had at least one concurrent condition. The sacrum and gluteus were the two most 

commonly affected sites. Those with stage 3 PI had a substantially greater median d-dimer 

(7,900 ng/mL) than patients with stage 2 PI (1,100 ng/mL). The average length of stay (LOS) 

was 22 days (9.8 – 40.3). 

Conclusion: Health professionals should be aware of an increase in d-dimer in COVID-19 

patients who suffer from pressure injury. Even though pressure injuries in these patients might 

not result in immediate mortality, an increase in morbidity can be avoided with the right care. 

Keywords: COVID-19, d-dimer, Pressure injury 
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Characteristics of COVID-19 patients with pressure injuries in a COVID-

19 referral hospital 
 

Abstract 

Introduction: For more than two years, Corona Virus Disease 2019 (COVID-19) has been a 

global pandemic. As the number of patients admitted to hospitals grows, particularly in the 

intensive care unit (ICU), more of these individuals are vulnerable to pressure injury (PI) as a 

result of disease complications. 

Methods: This retrospective study describes the data of COVID-19 patients treated at a 

COVID-19 referral hospital who experienced pressure injuries either before or after 

admission. Age, gender, BMI, symptoms, comorbidities, location and severity of pressure 

injury, complete blood count, serum creatinine, albumin, d-dimer, oxygen therapy, length of 

stay (LOS), and use of vasopressors were all presented for each patient. 

Results: In this study, 1070 patients were confirmed to have COVID-19, although only 

twelve (1.1%) had PI. Eight (66.7%) of the patients were men. The median age was 60 (51–

71), and half of the patients were obese. Eleven (91.4%) patients had at least one concurrent 

condition. The sacrum and gluteus were the two most commonly affected sites. Those with 

stage 3 PI had a substantially greater median d-dimer (7,900 ng/mL) than patients with stage 

2 PI (1,100 ng/mL). The average length of stay (LOS) was 22 days (9.8 – 40.3). 

Conclusion: Health professionals should be aware of an increase in d-dimer in COVID-19 

patients who suffer from pressure injury. Even though pressure injuries in these patients 

might not result in immediate mortality, an increase in morbidity can be avoided with the 

right care. 

Keywords: COVID-19, d-dimer, Pressure injury 

 

INTRODUCTION 

For more than two years, Corona Virus Disease 2019 (COVID-19) has been a global 

pandemic. It was caused by the severe acute respiratory syndrome coronavirus 2 (SARS-Cov-

2) and began in Wuhan, China1, before spreading worldwide. In [REDACTED], the first case 

was discovered in March 2020; since then, over 2 million people have contracted COVID-19, 

with over 21,000 testing positive as of the end of June 20212. As the number of patients 

admitted to hospitals grows, particularly in the intensive care unit (ICU), more of these 

individuals are vulnerable to pressure injury (PI) as a result of disease consequences such as 

inactivity, immobility, and the use of artificial airways3. 

Pressure injury is a type of local trauma caused by unceasing pressure on the skin, most 

commonly over bony prominences. This pressure is high enough to interfere with blood flow 

to the capillaries, reducing oxygen supply to the tissues. This results in ischemia and necrosis 

of the afflicted tissue4. The sacrum, heel, sciatic tuberosity, greater trochanter, and lateral 

malleolus are frequently impacted5. Advanced age, immobility, poor nutrition, excessive 

wetness and incontinence, altered state of consciousness, poor perfusion, specific skin 

diseases, and concomitant disorders such as respiratory failure, anemia, diabetes, and 

septicemia are all risk factors6. Patients who acquire PIs are older, have less mobility, and 

Manuscript -ALL TEXT-DO NOT INCLUDE AUTHOR'S NAMES

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 22



stay in the hospital for a longer period of time than patients who do not7. In one study, 

patients who were hospitalized for 7-20 days had a higher rate of PI than those who were 

hospitalized for fewer than seven days8. 

A "cytokine storm" may arise as the COVID-19 proceeds. Systemic inflammation, 

hyperferitinemia, and hemodynamic dysfunction characterize a cytokine storm9. This 

unregulated immune response will cause immune cells, lymphocytes, and macrophages to 

infiltrate. A substantial amount of proinflammatory cytokines will be produced by these 

immune cells10. The cytokines interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) 

11 are both involved in the production of PI12,13 and are essential components of the cytokine 

storm. The rise in d-dimers in COVID-19 indicates that these two cytokines are related with a 

mix of systemic inflammatory processes and hypercoagulability situations14. 

Nearly half of COVID-19 pneumonia patients developed acute respiratory distress syndrome 

(ARDS), and more than two - thirds required intensive care and mechanical ventilation15,16. 

Patients who are ventilated are at risk of developing PI because they become immobilized 

and sedated17.  

Because of the urgency of the issue and the increased risk of PI in COVID-19 patients, this 

study was conducted at an infectious disease hospital, to describe the clinical characteristics 

of COVID-19 patients with PI. 

METHODS 

Ethical considerations and consent 

On June 22, 2021, the Clinical Research Ethics Committee accepted this study with ethical 

approval number 157/KEP/2021. Because this was a retrospective research study based on 

anonymous and de-identified data, no consent was sought. 

Study design and setting 

This was a descriptive and retrospective study This was a descriptive and retrospective study. 

Between March 2020 and June 2021, samples were taken from each patient at our hospital 

who had been diagnosed with pressure injury and COVID-19. 

Participant 

The polymerase chain reaction confirmed that the patients were positive for COVID-19. 

Patients on both invasive and noninvasive mechanical ventilation were included in the study. 

The study included only patients who were at least 18 years old. Twelve patients with 

COVID-19 who were admitted and experienced pressure injuries were included in the study. 

Two of the twelve patients had already suffered a pressure injury before being admitted to the 

hospital. Only PIs induced by supine position were considered, such as those on the sacrum, 

occipital, temporal, heels (calcaneus), gluteus, scapula, and trochanter, according to the 

National Pressure Ulcer Advisory Panel18. PIs to the bridge of the nose caused by 

noninvasive ventilation face masks was ruled out. 

Variables and data sources 

Secondary data from medical records were used in this study, including: the patients’ gender 

and age; BMI, defined as body weight in kilograms divided by height in meters squared and 
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categorized by definitions as follows: 1) underweight (BMI < 18.5kg/m2); 2) normal weight 

(BMI  18.5 – 22.9 kg/m2); 3) overweight (BMI 23 – 24.9 kg/m2); 4) obese I (BMI 25 – 29.9 

kg/m2); 5) obese II (BMI< 30 kg/m2) according to the WHO recommendations for Asian 

populations19  ; symptoms related to COVID-19 on admission; coexisting disorder 

(hypertension, diabetes mellitus, cerebrovascular disease, coronary artery disease); type of 

oxygen therapy used during the time the patient was consulted for pressure injury (room air, 

nasal cannula, simple oxygen mask, mechanical ventilation); laboratory results of complete 

blood count, creatinine kinase, albumin,  and d-dimer less than or equal to 3 days prior to the 

pressure injury consultation; location of pressure injury; classification of pressure injury in 

accordance to the National Pressure Ulcer Advisory Panel18 and length of stay in the hospital. 

The data collecting period was determined by the date of hospital admission. 

Data analysis 

The data was presented in a descriptive analysis. The data collection findings are presented in 

tabular style, with the median, percentages, and interquartile range displayed. 

RESULTS 

The authors collected data from confirmed COVID-19 patients treated at our institution 

during the start of the pandemic from March 2020 to June 2021. Out of 1070 patients 

hospitalised for COVID-19, 12 (1.1 percent) established PI. All data will be presented in 

Table 1.  Eight (66.7 percent) patients were male. 5 (41.7 percent) of the 12 participants had 

stage 2 PI, 7 (58.3 percent) had stage 3 PI, and none of the patients in this study had stage 1, 

stage 4, unstageable, or suspected deep tissue injury (sDTI) PI. These patients had a median 

age of 60 years. The median age of patients with stage 2 PI was 65 years, which was only 

slightly older than the median age of patients with stage 3 PI, which was 63.5 years. There 

was no difference in the number of male patients with stage 2 or stage 3 PI in this study. In 

female patients, three (75%) had stage 3 PI and one (25%) had stage 2 PI. Two-thirds of the 

patients were obese. The majority of PI patients in stages 2 and 3 were also obese. 

Symptoms 

Cough (58.3%), fever (50%), shortness of breath (50%), fatigue (41.7%), and nausea or 

vomiting were the most prevalent symptoms we saw in these patients (33.3%). 

Location 

The sacrum (66.7%) was the most frequent site of pressure ulcers in these patients, followed 

by the gluteus (25%), calcaneus, scapula, temporal, and hip. Sacral ulcers are more prevalent 

in patients with stage 3 PI.  

Coexisting disorder 

On admission to the hospital, 11 (91.7 percent) of the 12 patients who suffered from pressure 

injuries during treatment had at least one comorbidity, including hypertension (50 percent), 

diabetes (41.7 percent), stroke (41.7 percent), and coronary artery disease (25 percent). More 

patients in stage 2 PI had hypertension (80%), while most patients in stage 3 PI also had 

diabetes and cerebrovascular disease. 
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Median laboratory values 

During treatment, the patients were found to be anemic with a median hemoglobin of 10.7 

g/dL, hypoalbuminemia (median 3.1 g/dL), and had an elevated leukocyte count. Patients 

with stage 3 PI had lower hemoglobin levels than those with stage 2 PI (10.2 versus 11.3). In 

these patients, the median d-dimer value was 3.700 (1,500-8,400) ng/mL. Those with stage 3 

PI had a substantially greater median d-dimer (7,900 ng/mL) than patients with stage 2 PI 

(1,100 ng/mL). 

Oxygen therapy 

A ventilator was required in eight patients (66.7%), five of whom had stage 3 PI and three of 

whom had stage 2 PI. The patient who utilized nasal cannula oxygen therapy acquired a stage 

2 PI, while one of the two patients (16.7%) who used a basic oxygen mask developed a stage 

3 PI. 

Vasopressor support 

Because of low blood pressure, the use of vasopressors contributes to poor peripheral tissue 

perfusion. There were 5 patients (71.4%) with stage 3 PI who were on vasopressors, 

compared to only 2 patients (40%) with stage 2 PI.  

Length of stay 

The median length of stay for these patients was 22(9.8 – 40.3) days, with stage 2 PI patients 

treated for 29(26 - 41) days and stage 3 PI patients treated for 13(8 - 29) days.  

DISCUSSION 

While all of these individuals received proper care, pressure injuries developed throughout 

their hospitalization. In this study, the median age of COVID-19 patients with PI was 60 

years old, which was close to a Chinese study20. The median age difference between 

individuals with stage 2 and 3 PI was unremarkable. However, a study on pressure injury in 

COVID-19 patients in Spain included more (37,3%) patients between the ages of 80 and 8921. 

As age is a determinant in the development of PIs6, older patients made up the majority of the 

age group in COVID-19 hospitalized cases22,23. 

Two-thirds of the patients were obese. The majority of PI patients in stages 2 and 3 were also 

obese. Most studies suggest that patients with low weight or severely obese were more likely 

to develop PI24,25. One reason this study had more patients who were obese was almost all 

(87.5%) of the patients with a BMI > 25 kg/m2 were using ventilators, whereas only one of 

the patients with a BMI < 25 kg/m2 were on a ventilator, thus putting them at risk of 

developing PI3. 

Most common symptoms seen in this research were cough, fever, shortness of breath, 

followed by fatigue and nausea or vomiting. Several research also reported cough, shortness 

of breath, fever as a frequent complaint from COVID-19 patients20,26. While diarrhea, loss of 

sense of taste or smell, and sore throat was less common26,27 

The majority (66.7%) of patients in this study had PI on their sacrum, while the gluteus came 

in second (25%). Other research also found the sacrum to be the most common site of PI on 

COVID-19 patients20,28. According to a study in Germany, the strongest predictors for sacral 
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pressure ulcer development were mobility (completely dependent vs. completely independent 

OR 27.1, 95% CI)29. As most of these patients were eventually on mechanical ventilator, 

immobility would be a factor in their PI development30,31. 

In older persons, the atherosclerosis process reduces blood circulation to vital organs such as 

the heart, brain, legs, and skin, increasing the risk of PI development. Hypertension was the 

most frequent coexisting disorder in this study. Cardiovascular disease is frequently 

associated with PI. Reduced left ventricle ejection fraction predicts PI in patients who have 

had a myocardial infarction32. These patients are more likely to have hypertension, while 

evidence of its consequences on PI development is conflicting33. The second most common 

coexisting disorders in this study were diabetes and cerebrovascular disease. Diabetes-related 

peripheral vascular disease and neuropathy appear to be the root causes of PI in diabetic 

patients34. In a Turkish study, diabetes was revealed to be a significant (p<0.001) risk factor 

for PI development in ICU patients28. Patients with cerebrovascular disease (CVD) are more 

likely to become immobile and acquire PI33. 

This study's patients were all anemic. Anemia lowers blood oxygen levels, resulting in a lack 

of oxygen flow to body tissues33. This may enhance the likelihood of tissue ischemia and the 

development of PI. Two other investigations discovered lower-than-normal hemoglobin 

levels in pressure injury ICU patients20,28. 

In this study, patients with stage 3 PI had a larger increase in mean d-dimer readings than 

patients with stage 2 PI. COVID-19 stimulates the immunological response, causing 

proinflammatory cytokines to be released, causing damage to the vascular endothelium. 

Following platelet aggregation activation in response to vascular damage, thrombosis and 

microemboli cause plasmin to promote fibrinolysis, resulting in an increase in d-dimer 

level4,35. Although the mechanism by which COVID-19 affects the development of pressure 

injury remains unknown, it has been proposed that the myalgia generated by COVID-19 may 

disguise the discomfort of a pressure injury. Simultaneously, a cytokine storm could 

exacerbate inflammatory and ischemic tissue damage, as well as create oxygen-induced 

metabolic acidosis and microemboli35,36. Research found that COVID-19 patients in the ICU 

who developed stage 2 and stage 3 PI had a higher d-dimer value than those with stage 1 PI20. 

The majority (66,7%) of these patients were in the ICU with ARDS and had to be on a 

ventilator, making them immobile, which contributed to the PI development30,31,37. This 

conclusion is consistent with studies of COVID-19 ICU patients who developed PI20,28. 

COVID-19 predominantly infects lung tissue, resulting in hypoxia due to decreased oxygen 

exchange. Low blood oxygen levels contribute to the development of PI33. As pressure builds 

up on the skin, the interruption of blood circulation combined with a lack of appropriate 

oxygen delivery worsens the severity of ischemia. 

Characteristics of multi-organ dysfunction syndrome (MODS) might be detected in critically 

ill COVID-19 patients, such as dysregulation of the body's response to infection characterized 

by hyperinflammation, alterations in coagulation, and dysregulation of the immunological 

response38. A weakened immune response puts the body vulnerable to opportunistic bacterial 

infections, which can result in septic shock39. Vasopressors constrict blood arteries to assist 

keep blood pressure stable. The perfusion of smaller blood arteries may be reduced, putting 

the skin at risk of pressure injury40. 
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The shorter hospital stays of patients with stage 3 PI in this study compared to patients with 

stage 2 PI could be attributed to the quick progression of COVID-19, which led the patient to 

die before further progression of their pressure injury. 

This study recommends that additional attention should be paid to cases of pressure injury in 

COVID-19 patients. According to one study, having a wound and skin care skilled nurse 

assigned to these patients reduces the likelihood of PI development by 93%41.  

The study's limitations include the fact that it only reports on a single-center experience with 

a small group of patients. More analytical observational studies with a bigger sample size 

could help identify the risk variables for PI in COVID-19 patients. 

CONCLUSION 

According to the findings of this study, healthcare professionals should pay close attention to 

cases of pressure injury in COVID-19 patients, particularly those in the ICU. Patients would 

be immobile due to the constant requirement for ventilators. In these COVID-19 patients, a 

rise in d-dimer may impact the severity of pressure injury. While pressure injuries in these 

patients may not result in immediate mortality, an increase in morbidity may be prevented 

with careful treatment. 
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Table 1 Characteristic of Covid-19 patients with pressure injury 

Table 1   Characteristics of Covid-19 patients with pressure injury. 

Characteristic Total (N= 12) Stage 2 (N= 5) Stage 3 (N= 7) 

General characteristics       

Median age (IQR) - years 60 (51 - 71) 65 (57.5 - 66) 63,5 (52.5 - 68) 

Male - no. (%) 8 (66.7) 4 (80.0) 4 (57.1) 

Female - no. (%) 4 (33.3) 1 (20.0) 3 (42.9) 

Body mass index (kg/m2) – no. (%)    

Underweight (<18.5) 1(8.3) 0 1(14.3) 

Normal (18.5-22.9) 1(8.3) 0 1(14.3) 

Overweight (23-24.9) 2(16.7) 2(40.0) 0 

Obese I (25-29.9) 6(50.0) 3(60.0) 3(42.9) 

Obese II (≥30) 2(16.7) 0 2(28.8) 

Symptoms - no. (%)       

Fever 6 (50.0) 4 (80.0) 2 (28.6) 

Cough 7 (58.3) 3 (60.0) 4 (57.1) 

Shortness of breath 6 (50.0) 1 (20.0) 5 (71.4) 

Fatigue 5 (41.7) 3 (60.0) 2 (28.6) 

Diarrhea 1 (8.3) 1 (20.0) 0 

Nausea or vomiting 4 (33.3) 3 (60.0) 1 (14.3) 

Loss of taste or sense of smell 1 (8.3) 0 1 (14.3) 

Sore throat 1 (8.3) 1 (20.0) 0 

Congested nose 1 (8.3) 1 (20.0) 0 

Ulcer characteristic       

Location - no. (%)     

  Sacrum 8 (66.7) 2 (40.0) 6 (85.7) 

  Gluteus 3 (25.0) 3 (60.0) 0 

  Temporal 1 (8.3) 1 (20.0) 0 

  Calcaneus 1 (8.3) 0 1 (14.3) 

  Scapula 1 (8.3) 0 1 (14.3) 

  Hip 1 (8.3) 0 1 (14.3) 

Coexisting disorder - no. (%)      

Hypertension 6 (50.0) 4 (80.0) 2 (28.6) 

Diabetes 5 (41.7) 2 (40.0) 3 (42.9) 

Cerebrovascular disease 5 (41.7) 1 (20.0) 4 (57.1) 

Coronary artery disease 3 (25.0) 1 (20.0) 2 (28.6) 

Median laboratory values (IQR)       

Leukocytes (per mm3)  14,265 (12,547.5-22,992.5)   14,830 (12,480-24,020)   13,700 (12,830-19,885)  

Differential Count (per mm3)     

Total neutrophils  12,288.7 (10,830-21,012.9)   11,967.8 (10,886.9-21,401.8)   12,356.9 (11,439.9-18,479.5)  

Total lymphocytes  1,023.9 (782.3-1,442.7)  1,764.8 (1,335.4-1,969.4) 838.1 (698.9-1,023.9) 

NLR 20.4 (10.6-24) 10.9 (7.7-36.6) 21.1 (15.5- 22.6) 

Hemoglobin (g/dL)  10.7 (10-11.8)  11.3 (10.6-11.4) 10.2 (8.8-11.3) 

Platelet count (per mm3)  260,500 (187,000-443,250)   241,000 (190,000-399,000)   280,000 (203,500-447,500)  

Albumin (g/dL) 3.08 (2.9-3.1) 3 (2.8-3.1) 3.1 (3-3.1) 

D-dimer (ng/mL) 3,700 (1,500-8,400) 1,100 (600-1,700) 7,900 (5,200-11,200) 

Oxygen therapy - no.(%)       

Room Air 1 (8.3) 0 1 (14.3) 

Nasal cannula 1 (8.3) 1 (20.0) 0 

Simple oxygen mask 2 (16.7) 1 (20.0) 1 (14.3) 

Mechanical ventilation 8 (66.7) 3 (60.0) 5 (71.4) 

Vasopressor support - no. (%) 7 (58.3) 2 (40.0) 5 (71.4) 

Length of stay (LOS) – days (IQR) 22 (9.8 – 40.3) 29 (26 - 41) 13 (8 - 29) 
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Characteristics of COVID-19 patients with pressure injuries in a COVID-

19 referral hospital 
 

Abstract 

Introduction: For more than two years, Corona Virus Disease 2019 (COVID-19) has been a 

global pandemic. As the number of patients admitted to hospitals grows, particularly in the 

intensive care unit (ICU), more of these individuals are vulnerable to pressure injury (PI) as a 

result of disease complications. 

Methods: This retrospective study describes the data of COVID-19 patients treated at a 

COVID-19 referral hospital from March 2020 to June 2021, who experienced pressure 

injuries either before or after admission. The patients’ profile, symptoms, comorbidities, 

location and severity of pressure injury, laboratory values, oxygen therapy, length of stay 

(LOS), and usage of vasopressors were all presented. 

Results: During the study period, 1070 patients were hospitalized for COVID-19 with varying 

degree of severity, twelve patients were diagnosed with PI. Eight (66.7%) of the patients were 

men. The median age was 60 (51–71), and half of the patients were obese. Eleven (91.4%) 

patients had at least one concurrent condition. The sacrum and gluteus were the two most 

commonly affected sites. Those with stage 3 PI had a substantially greater median d-dimer 

(7,900 ng/mL) than patients with stage 2 PI (1,100 ng/mL). The average length of stay (LOS) 

was 22 days (9.8 – 40.3). 

Conclusion: Health professionals should be aware of an increase in d-dimer in COVID-19 

patients who suffer from pressure injury. Even though pressure injuries in these patients 

might not result in immediate mortality, an increase in morbidity can be avoided with the 

right care. 

Keywords: COVID-19, d-dimer, Pressure injury 

 

INTRODUCTION 

For more than two years, Corona Virus Disease 2019 (COVID-19) has been a global 

pandemic. It was caused by the severe acute respiratory syndrome coronavirus 2 (SARS-Cov-

2) and began in Wuhan, China1, before spreading worldwide. In Indonesia, the first case was 

discovered in March 2020; since then, over 2 million people have contracted COVID-19, 

with over 21,000 testing positive as of the end of June 20212. As the number of patients 

admitted to hospitals grows, particularly in the intensive care unit (ICU), more of these 

individuals are vulnerable to pressure injury (PI) as a result of disease consequences such as 

inactivity, immobility, and the use of artificial airways3. 

Pressure injury is a type of local trauma caused by unceasing pressure on the skin, most 

commonly over bony prominences. This pressure is high enough to interfere with blood flow 

to the capillaries, reducing oxygen supply to the tissues. This results in ischemia and necrosis 

of the afflicted tissue4. The sacrum, heel, sciatic tuberosity, greater trochanter, and lateral 

malleolus are frequently impacted5. Advanced age, immobility, poor nutrition, excessive 

wetness and incontinence, altered state of consciousness, poor perfusion, specific skin 

diseases, and concomitant disorders such as respiratory failure, anemia, diabetes, and 
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septicemia are all risk factors6. Patients who acquire PIs are older, have less mobility, and 

stay in the hospital for a longer period of time than patients who do not7. In one study, 

patients who were hospitalized for 7-20 days had a higher rate of PI than those who were 

hospitalized for fewer than seven days8. 

A "cytokine storm" may arise as the COVID-19 proceeds. This unregulated immune response 

will cause immune cells, lymphocytes, and macrophages to infiltrate and produce a 

substantial amount of proinflammatory cytokines9. The cytokines interleukin-6 (IL-6) and 

tumor necrosis factor-alpha (TNF-a)10 are both involved in the production of PI11,12 and are 

essential components of the cytokine storm. The rise in d-dimers in COVID-19 indicates that 

these two cytokines are related with a mix of systemic inflammatory processes and 

hypercoagulability situations13. 

Nearly half of COVID-19 pneumonia patients developed acute respiratory distress syndrome 

(ARDS), and more than two - thirds required intensive care and mechanical ventilation14,15. 

Patients who are ventilated are at risk of developing PI because they become immobilized 

and sedated16.  

Because of the urgency of the issue and the increased risk of PI in COVID-19 patients, this 

study was conducted at an infectious disease hospital, to describe the clinical characteristics 

of COVID-19 patients with PI. 

METHODS 

Ethical considerations and consent 

On June 22, 2021, the Clinical Research Ethics Committee accepted this study with ethical 

approval number 157/KEP/2021. Because this was a retrospective research study based on 

anonymous and de-identified data, no consent was sought. 

Study design and setting 

This was a descriptive and retrospective study This was a descriptive and retrospective study. 

Between March 2020 and June 2021, samples were taken from each patient at our hospital 

who had been diagnosed with pressure injury and COVID-19. 

Participant 

 

Participants were chosen from medical records by their polymerase chain reaction (PCR) 

confirmed result for COVID-19 after being admitted to the COVID-19 referral hospital. The 

study included only patients who were at least 18 years old, patients with a diagnosis of pressure 

injury by the attending plastic surgeon on their medical records. Only PIs induced by supine 

position were considered, such as those on the sacrum, occipital, temporal, heels (calcaneus), 

gluteus, scapula, and trochanter according to the European Pressure Ulcer Advisory Panel, 

National Pressure Ulcer Advisory Panel and Pan Pacific Pressure Injury Alliance17. Medical 

device-related pressure injuries were ruled out. 

Variables and data sources 
Secondary data from medical records were used in this study, including: the patients’ gender 
and age; BMI, defined as body weight in kilograms divided by height in meters squared and 
categorized by definitions as follows: 1) underweight (BMI < 18.5kg/m2); 2) normal weight 
(BMI  18.5 – 22.9 kg/m2); 3) overweight (BMI 23 – 24.9 kg/m2); 4) obese I (BMI 25 – 29.9 
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kg/m2); 5) obese II (BMI< 30 kg/m2) according to the WHO recommendations for Asian 
populations188  ; symptoms related to COVID-19 on admission; coexisting disorder 
(hypertension, diabetes mellitus, cerebrovascular disease, coronary artery disease); type of 
oxygen therapy used during the time the patient was consulted for pressure injury (room air, 
nasal cannula, simple oxygen mask, mechanical ventilation); laboratory results of leucocyte, 
total neutrophil, total lymphocyte, NLR (ratio of neutrophils/lymphocytes), platelets, albumin, 
and d-dimer dated less than or equal to 3 days prior to the pressure injury consultation; location 
of pressure injury and stages of pressure injury were classified in accordance to the European 
Pressure Ulcer Advisory Panel, National Pressure Ulcer Advisory Panel and Pan Pacific 
Pressure Injury Alliance 17. 
Length of stay was the number of days spent in the hospital until the patient was discharged. The 
data collecting period was defined as the time from the collection of data from the first 
participant to the latest follow-up of the study participants 

Data analysis 

The data was presented in a descriptive analysis. The data collection findings are presented in 

tabular style, with the median, percentages, and interquartile range displayed. 

RESULTS 

The authors collected data from confirmed COVID-19 patients treated at our institution 

during the start of the pandemic from March 2020 to June 2021. During that period, 1070 

patients were hospitalized for COVID-19 with varying severity. twelve patients were 

diagnosed with PI. Two of the twelve patients had already suffered a pressure injury before 

being admitted to the hospital. All data will be presented in Table 1.  Eight (66.7 percent) 

patients were male. 5 (41.7 percent) of the 12 participants had stage 2 PI, 7 (58.3 percent) had 

stage 3 PI, and none of the patients in this study had stage 1, stage 4, unstageable, or 

suspected deep tissue injury (sDTI) PI. These patients had a median age of 60 years. The 

median age of patients with stage 2 PI was 65 years, which was only slightly older than the 

median age of patients with stage 3 PI, which was 63.5 years. There was no difference in the 

number of male patients with stage 2 or stage 3 PI in this study. In female patients, three 

(75%) had stage 3 PI and one (25%) had stage 2 PI. Two-thirds of the patients were obese. 

The majority of PI patients in stages 2 and 3 were also obese. 

Symptoms 

Cough (58.3%), fever (50%), shortness of breath (50%), fatigue (41.7%), and nausea or 

vomiting were the most prevalent symptoms we saw in these patients (33.3%). 

Location 

The sacrum (66.7%) was the most frequent site of pressure ulcers in these patients, followed 

by the gluteus (25%), calcaneus, scapula, temporal, and hip. Sacral ulcers are more prevalent 

in patients with stage 3 PI.  

Coexisting disorder 

On admission to the hospital, 11 (91.7 percent) of the 12 patients who suffered from pressure 

injuries during treatment had at least one comorbidity, including hypertension (50 percent), 

diabetes (41.7 percent), stroke (41.7 percent), and coronary artery disease (25 percent). More 

patients in stage 2 PI had hypertension (80%), while most patients in stage 3 PI also had 

diabetes and cerebrovascular disease. 
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Median laboratory values 

During treatment, the patients were found to be anemic with a median hemoglobin of 10.7 

g/dL, hypoalbuminemia (median 3.1 g/dL), and had an elevated leukocyte count. The NLR 

median values were much higher in stage III pressure injury group compared to the stage II 

group (21.1 vs 10.9). Platelet values were relatively normal in stage II and stage III pressure 

injury group. Patients with stage 3 PI had lower hemoglobin levels than those with stage 2 PI 

(10.2 versus 11.3). In these patients, the median d-dimer value was 3.700 (1,500-8,400) 

ng/mL. Those with stage 3 PI had a substantially greater median d-dimer (7,900 ng/mL) than 

patients with stage 2 PI (1,100 ng/mL). 

Oxygen therapy 

A ventilator was required in eight patients (66.7%), five of whom had stage 3 PI and three of 

whom had stage 2 PI. The patient who utilized nasal cannula oxygen therapy acquired a stage 

2 PI, while one of the two patients (16.7%) who used a basic oxygen mask developed a stage 

3 PI. 

Vasopressor support 

Because of low blood pressure, the use of vasopressors contributes to poor peripheral tissue 

perfusion. There were 5 patients (71.4%) with stage 3 PI who were on vasopressors, 

compared to only 2 patients (40%) with stage 2 PI.  

Length of stay 

The median length of stay for these patients was 22(9.8 – 40.3) days, with stage 2 PI patients 

treated for 29(26 - 41) days and stage 3 PI patients treated for 13(8 - 29) days.  

DISCUSSION 

While all of these individuals received proper care, pressure injuries developed throughout 

their hospitalization. In this study, the median age of COVID-19 patients with PI was 60 

years old, which was close to a Chinese study19. The median age difference between 

individuals with stage 2 and 3 PI was unremarkable. However, a study on pressure injury in 

COVID-19 patients in Spain included more (37,3%) patients between the ages of 80 and 8920. 

As age is a determinant in the development of PIs6, older patients made up the majority of the 

age group in COVID-19 hospitalized cases21,22. 

Two-thirds of the patients were obese. The majority of PI patients in stages 2 and 3 were also 

obese. Most studies suggest that patients with low weight or severely obese were more likely 

to develop PI23,24. One reason this study had more patients who were obese was almost all 

(87.5%) of the patients with a BMI > 25 kg/m2 were using ventilators, whereas only one of 

the patients with a BMI < 25 kg/m2 were on a ventilator, thus putting them at risk of 

developing PI3. 

Most common symptoms seen in this research were cough, fever, shortness of breath, 

followed by fatigue and nausea or vomiting. Several research also reported cough, shortness 

of breath, fever as a frequent complaint from COVID-19 patients19,25. While diarrhea, loss of 

sense of taste or smell, and sore throat was less common25,26 
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The majority (66.7%) of patients in this study had PI on their sacrum, while the gluteus came 

in second (25%). Other research also found the sacrum to be the most common site of PI on 

COVID-19 patients19,27. According to a study in Germany, the strongest predictors for sacral 

pressure ulcer development were mobility (completely dependent vs. completely independent 

OR 27.1, 95% CI)28. As most of these patients were eventually on mechanical ventilator, 

immobility would be a factor in their PI development29,30. 

In older people, the atherosclerosis process reduces blood circulation to vital organs such as 

the heart, brain, legs, and skin, increasing the risk of PI development. Hypertension was the 

most frequent coexisting disorder in this study. Cardiovascular disease is frequently 

associated with PI. Reduced left ventricle ejection fraction predicts PI in patients who have 

had a myocardial infarction31. These patients are more likely to have hypertension, while 

evidence of its consequences on PI development is conflicting32. The second most common 

coexisting disorders in this study were diabetes and cerebrovascular disease. Diabetes-related 

peripheral vascular disease and neuropathy appear to be the root causes of PI in diabetic 

patients33. In a Turkish study, diabetes was revealed to be a significant (p<0.001) risk factor 

for PI development in ICU patients27. Patients with cerebrovascular disease (CVD) are more 

likely to become immobile and acquire PI32. 

This study's patients were all anemic. Anemia lowers blood oxygen levels, resulting in a lack 

of oxygen flow to body tissues32. This may enhance the likelihood of tissue ischemia and the 

development of PI. Two other investigations discovered lower-than-normal hemoglobin 

levels in pressure injury ICU patients19,27. 

Neutrophil to lymphocyte ratio (NLR) is considered as a sign of physiological stress34, but 

may also a predictor for sepsis35. A NLR value above 10 could also be a potential parameter 

for assessing sepsis severity36, proposed by one study. In this research, it is shown that NLR 

median values were much higher in stage III pressure injury group compared to the stage II 

group (21.1 vs 10.9). The patients in this study also showed elevated levels of leucocytes, 

and although their platelets were relatively normal, leukocytosis and thrombocytopenia are 

commonly present during sepsis (34,37).  As sepsis was found to impair wound healing (38,39), 

these findings may indicate adverse effects on the development of pressure injury. One study 

on 104 patients admitted to the ICU suggests NLR could be a marker for subjects in 

increased risk of pressure injury development40. 

In this study, patients with stage 3 PI had a larger increase in mean d-dimer readings than 

patients with stage 2 PI. COVID-19 stimulates the immunological response, causing 

proinflammatory cytokines to be released, causing damage to the vascular endothelium. 

Following platelet aggregation activation in response to vascular damage, thrombosis and 

microemboli cause plasmin to promote fibrinolysis, resulting in an increase in d-dimer 

level4,41. Although the mechanism by which COVID-19 affects the development of pressure 

injury remains unknown, it has been proposed that the myalgia generated by COVID-19 may 

disguise the discomfort of a pressure injury. Simultaneously, a cytokine storm could 

exacerbate inflammatory and ischemic tissue damage, as well as create oxygen-induced 

metabolic acidosis and microemboli41,42. Research found that COVID-19 patients in the ICU 

who developed stage 2 and stage 3 PI had a higher d-dimer value than those with stage 1 PI19. 

The majority (66,7%) of these patients were in the ICU with ARDS and had to be on a 

ventilator, making them immobile, which contributed to the PI development29,30,43. This 

conclusion is consistent with studies of COVID-19 ICU patients who developed PI19,27. 
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COVID-19 predominantly infects lung tissue, resulting in hypoxia due to decreased oxygen 

exchange. Low blood oxygen levels contribute to the development of PI32. As pressure builds 

up on the skin, the interruption of blood circulation combined with a lack of appropriate 

oxygen delivery worsens the severity of ischemia. 

Characteristics of multi-organ dysfunction syndrome (MODS) might be detected in critically 

ill COVID-19 patients, such as dysregulation of the body's response to infection characterized 

by hyperinflammation, alterations in coagulation, and dysregulation of the immunological 

response44. A weakened immune response puts the body vulnerable to opportunistic bacterial 

infections, which can result in septic shock45. Vasopressors constrict blood arteries to assist 

keep blood pressure stable. The perfusion of smaller blood arteries may be reduced, putting 

the skin at risk of pressure injury46. 

The shorter hospital stays of patients with stage 3 PI in this study compared to patients with 

stage 2 PI could be attributed to the quick progression of COVID-19, which led the patient to 

die before further progression of their pressure injury. 

This study recommends that additional attention should be paid to cases of pressure injury in 

COVID-19 patients. During the COVID-19 pandemic, it was suggested that to help prevent 

and manage PIs, improvement of mobility, improvement of contributing factors such as anti-

shock therapy to improve skin perfusion, positioning and use of pressure relieving devices, 

minimization of excess moisture and correction of malnutrition, and close daily monitoring of 

pressure injury and the dressing could be helpful47. According to one study, having a wound 

and skin care skilled nurse assigned to these patients reduces the likelihood of PI 

development by 93%48.  

The study's limitations include the fact that it only reports on a single-center experience with 

a small group of patients. More analytical observational studies with a bigger sample size 

could help identify the risk variables for PI in COVID-19 patients. 

CONCLUSION 

According to the findings of this study, healthcare professionals should pay close attention to 

cases of pressure injury in COVID-19 patients, particularly those in the ICU. Patients would 

be immobile due to the constant requirement for ventilators. In these COVID-19 patients, a 

rise in d-dimer and NLR values may impact the severity of pressure injury. While pressure 

injuries in these patients may not result in immediate mortality, an increase in morbidity may 

be prevented with the right care. 
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Dear Editor, 

Here we have reviewed the reviewer’s comments and answered them accordingly. The answers 

are in italics. 

Editor/Reviewers' comments: 

 

Reviewer #1:  

The submission is very informative, with good citations. Subject matter is of adequate depth. It 

is interesting that no patients had Stage 1 or Stage 4 ulcers. 

Thank you for the comment. It is possible that no patients had stage 1 or stage 4 ulcers because 

stage 1 is frequently misdiagnosed, and no patients had stage 4 because good management 

was provided during stages 2 and 3 (we have included it in the revision of the manuscript, in 

the discussion). 

 

Reviewer #2:  

1. In the manuscript, the rate of PIs is 1.1% (12/1070). The positive rate is low, the number of 

patients with PIs is small. It means it is not able to do the further statistical correlation analysis 

but descriptive analysis. If the total sample size is large enough and the positive rate increases, 

the results can be statistically correlation analyzed, which will be more meaningful.  

Thank you for the comment, the 1070 patients admitted for COVID-19 were of varying degree 

of severity. We feel that it cannot be considered as a true ratio, since the denominator should 

only be patients with less activity such as ICU patients, as immobilization is a known risk 

factor. We are open for further suggestions, thank you.  

2. In the introduction part, page 4 line 5--"A "cytokine storm" may arise as the COVID-19 

proceeds…." The pathological process of COVID-19 is too much elaborated, which is not closely 

related to PI, it is suggested to simplify.  

Thank you for the comment. We have simplified it in the revision of the manuscript. 

3. In page4 line45--"The polymerase chain reaction confirmed that the patients were positive for 

COVID-19."in terms of the patient recruitment, you recruit patient based on the patient's 

medical history which diagnosed with COVID-19. But the specific diagnostic methods need not 

be stated.  

Thank you for the comment. The reason that we stated the specific diagnostic method was 

because during the elimination process, a subjective test done by rapid antigen test might yield 

a negative PCR test for COVID-19, thus we feel a positive result by PCR was more credible. We 

are open for futher suggestion. 

4. Reference 18 should be updated. The 2021 version of PI guideline has been published. Please 

update.  

Thank you for the comment. We have updated it in the revision of the manuscript. 

 

Response to Reviewers
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5. In the Participant part, why do you state the number of PI patient? It is should be in the 

Result part. Instead, where, who, when and how the data was selected? Those should be 

addressed.  

Thank you for the comment. We apologized for this error. We have edited it in the revision of 

the manuscript. 

6. "PIs to the bridge of the nose caused by noninvasive ventilation face masks was ruled out." 

were all MDRPI excluded? Such as gastric tube, oxygen tube, pulse oxygen clip, etc.  

Thank you for the comment. Yes, on all these patients, various MDRPI have been excluded. We 

have edited it in the revision of the manuscript. 

7. Do the item in "Median laboratory values" such as Leukocytes、 Total neutrophils、Total 

lymphocytes、Platelet count、D-dimer、Creatinine have relation with the development of PI? 

Why did you select these data? 

Thank you for the comment. Increase in Leukocytes, thrombocytopenia are commonly present 

during sepsis. Whereby sepsis disrupts wound healing and might worsen the pressure injury.  

Neutrophil to lymphocyte ratio (NLR) is considered as a sign of physiological stress, but may 

also a predictor for sepsis. A NLR value above 10 could also be a potential parameter for 

assessing sepsis severity.  

An increase in d-dimer as a result of cytokine storm may indicate an increase state of 

hypercoagulability, which then increase formations of microembolis that may worsen the 

development of PI.  

We have added further explanation on the matter in the discussion on page 5 line 22. 

 

Reviewer #3:  

Thank you for submitting this paper to Advances. 

This is a retrospective study with small numbers but you have included some very important 

information 

* confirmed COVID 19 with PCR 

* identified comorbidities and obesity 

*confirmed the association of morbidity or more severe disease with increased D-dimer levels as 

previously reported in the literature  

 

1. Please provide more information on the statement: "an increase in morbidity can be avoided 

with the right care." 

Please define the right care 
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Thank you for the comment. The definition of right care suggested during the COVID-19 

pandemic was to help prevent and manage PIs, improvement of mobility, improvement of 

contributing factors such as anti-shock therapy to improve skin perfusion, positioning and use of 

pressure relieving devices, minimization of excess moisture and correction of malnutrition, and 

close daily monitoring of pressure injury and the dressing could be helpful. We have included it 

in the revision of the manuscript on page 6 line 16. 
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my information/details). Please contact the publication office if you have any questions.
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Dear Dr Putri,

 

We have prepared your article, “Characteristics of Patients with Pressure Injuries in a COVID-19 Referral Hospital” for
an upcoming issue of Advances in Skin & Wound Care.  

 

Please review the attached files, answer all author queries, and make changes/comments directly to the files using
track changes (already on). If possible, please return your corrections to me by next Thursday, January 26.

 

Please let me know if you have any questions, and please confirm receipt of this message. Thank you!

 

Best,

Holly Bunje

 

 

Holly Bunje (she/her)

Editor

Advances in Skin & Wound Care

Health Learning, Research & Practice

Wolters Kluwer

Holly.Bunje@wolterskluwer.com
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We have revised and attached our article, “Characteristics of Patients with Pressure Injuries in a COVID-19 Referral

Hospital” for an upcoming issue of Advances in Skin & Wound Care.  

 Warmest regards,
Indri Lakhsmi Putri, MD., Ph.D
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From: Indri Lakhsmi <indrilakhsmiputri@fk.unair.ac.id>
Sent: Saturday, January 21, 2023 7:04 PM
To: Bunje, Holly <Holly.Bunje@wolterskluwer.com>
Subject: Re: Article in Advances in Skin & Wound Care

 

Caution, this email may be from a sender outside Wolters Kluwer. Verify the sender and know the content is

safe.
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Dear Dr. Putri,

 

A few more questions arose during the production process related to the following sections:

 

Ethics

Who extracted the data, and how were patients identified?

When were data extracted?

How were data stored (what kind of security measures)?

 

Study Design and Setting

Did the study take place at the authors' hospital? Located in Indonesia? A single site? What kind of hospital - primary
populations, rural, urban; how many beds, etc

 

Thank you in advances for addressing these questions!

 

Best,

Holly

 

Holly Bunje (she/her)

Editor

Advances in Skin & Wound Care

Health Learning, Research & Practice

Wolters Kluwer

Holly.Bunje@wolterskluwer.com
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From: Indri Lakhsmi <indrilakhsmiputri@fk.unair.ac.id>
Sent: Saturday, January 21, 2023 7:04 PM
To: Bunje, Holly <Holly.Bunje@wolterskluwer.com>
Subject: Re: Article in Advances in Skin & Wound Care

 

Caution, this email may be from a sender outside Wolters Kluwer. Verify the sender and know the content is

safe.

Dear Mrs. Holly Bunje,

[Kutipan teks disembunyikan]
[Kutipan teks disembunyikan]

Indri Lakhsmi <indrilakhsmiputri@fk.unair.ac.id> 14 Februari 2023 pukul 10.35
Kepada: "Bunje, Holly" <Holly.Bunje@wolterskluwer.com>

Dear Holly Bunje,

Thank you for your email,

Here are the answers for the questions:

Ethics

Who extracted the data, and how were patients identified?
The data was gathered from hospital medical records and analyzed with CDWK by the authors (ILP, AAAT, and RP). The
plastic surgery department at our hospital manages pressure injuries, with ILP and RP as the doctors in charge.

When were data extracted?
The data were extracted on August 2021.

How were data stored (what kind of security measures)?
The raw data from hospital medical records is only accessible to the primary researcher and is not shared with others. 

Study Design and Setting

Did the study take place at the authors' hospital? Located in Indonesia? A single site? What kind of hospital - primary
populations, rural, urban; how many beds, etc.
This is a study of a single site. The study was conducted at the author's hospital, Airlangga University Hospital, one of the
referral hospitals for COVID-19, which is located in Surabaya, Indonesia's second largest city. With 307 beds, Airlangga
University Hospital is the largest university hospital in East Java. 

Thank you in advances for the questions

Warmest regards,

Indri Lakhsmi Putri, MD, PhD.
[Kutipan teks disembunyikan]

Bunje, Holly <Holly.Bunje@wolterskluwer.com> 14 Februari 2023 pukul 23.58
Kepada: Indri Lakhsmi <indrilakhsmiputri@fk.unair.ac.id>

Dear Dr Putri,
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Thank you so much for your quick response! I appreciate you sending these additional details.

 

All the best,

[Kutipan teks disembunyikan]
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 18 

ABSTRACT 19 

Objective: This retrospective study aimed to describe the characteristics of 20 

patients treated at a COVID-19 referral hospital from March 2020 to June 2021 who 21 

experienced pressure injuries (PIs) either before or after admission.  22 

Methods: The researchers collected and analyzed data on patients’ demographic 23 

characteristics, symptoms, comorbidities, location and severity of PI, laboratory values, 24 

oxygen therapy, length of stay, and usage of vasopressors. 25 

Results: During the study period, 1,070 patients were hospitalized for COVID-19 26 

with varying degrees of severity, and 12 patients were diagnosed with PI. Eight (66.7%) 27 
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of the patients with PI were men. The median age was 60 (range, 51–71) years, and half 28 

of the patients had obesity. Eleven of the patients with PI (91.4%) had at least one 29 

comorbid condition. The sacrum and gluteus were the two most commonly affected 30 

sites. Those with stage 3 PI had a substantially greater median d-dimer (7,900 ng/mL) 31 

than patients with stage 2 PI (1,100 ng/mL). The average length of stay was 22 (range, 32 

9.8–40.3) days. 33 

Conclusions: Health professionals should be aware of an increase in d-dimer in 34 

patients with COVID-19 and PI. Even though PIs in these patients might not result in 35 

immediate mortality, an increase in morbidity can be avoided with the right care. 36 

Keywords: comorbidity, COVID-19, d-dimer, PI, pressure injury, wound healing 37 

 38 

INTRODUCTION 39 

In Indonesia, the first case of COVID-19 was diagnosed in 40 

March 2020; since then, over 2 million people have 41 

contracted COVID-19, with over 21,000 testing positive as 42 

of the end of June 2021.2 As the number of patients admitted 43 

to hospitals increases, particularly ICU admissions, a 44 

greater number of individuals are vulnerable to pressure 45 

injury (PI) as a result of inactivity, immobility, and the 46 

use of artificial airways.3,16 47 

Pressure injury is a type of local trauma caused by 48 

constant pressure on the skin, most commonly over bony 49 

prominences. This pressure is high enough to interfere with 50 
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blood flow to the capillaries, reducing oxygen supply to 51 

the tissues. This results in ischemia and necrosis of the 52 

afflicted tissue.4 The sacrum, heel, sciatic tuberosity, 53 

greater trochanter, and lateral malleolus are frequently 54 

impacted.5 Advanced age, immobility, poor nutrition, 55 

excessive moisture, incontinence, altered state of 56 

consciousness, poor perfusion, specific skin diseases, and 57 

concomitant disorders (eg, respiratory failure, anemia, 58 

diabetes, and septicemia) are all risk factors.6 Patients 59 

who develop PIs tend to be older, less mobile, and have 60 

longer hospital stays than patients who do not.7 Gedamu et 61 

al8 reported that patients who were hospitalized for 7 to 20 62 

days had a higher rate of PI than those who were 63 

hospitalized for fewer than 7 days. 64 

A “cytokine storm” may arise as COVID-19 infection 65 

develops. This unregulated immune response causes immune 66 

cells, lymphocytes, and macrophages to infiltrate and 67 

produce a substantial amount of proinflammatory cytokines.9 68 

The cytokines interleukin-6 (IL-6) and tumor necrosis 69 

factor-α (TNF-α)10 are both involved in PI development11,12 70 

and are essential components of the cytokine storm. The 71 

rise in d-dimers in COVID-19 indicates that these two 72 

cytokines are related with a mix of systemic inflammatory 73 

processes and hypercoagulability situations.13 74 Commented [BH2]: Author: please clarify 
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Because of the urgency of the issue and the increased 75 

risk of PI in patients with COVID-19, this study was 76 

conducted at an infectious disease hospital to describe the 77 

clinical characteristics of patients with COVID-19 and PI. 78 

 79 

METHODS 80 

Ethics 81 

On June 22, 2021, the Clinical Research Ethics Committee 82 

accepted this study with ethical approval number 83 

157/KEP/2021. Because this was a retrospective research 84 

study based on anonymous and de-identified data, no consent 85 

was sought. 86 

Study Design and Setting 87 

This was a descriptive and retrospective study. Between 88 

March 2020 and June 2021, samples were taken from each 89 

patient at the hospital who had been diagnosed with PI and 90 

COVID-19. 91 

Participants 92 

Participants were chosen from medical records by their 93 

polymerase chain reaction confirmed result for COVID-19 94 

after being admitted to the COVID-19 referral hospital. The 95 

study included patients who were at least 18 years old and 96 

had a diagnosis of PI by the attending plastic surgeon in 97 
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their medical records. Only PIs induced by supine position 98 

were considered, such as those on the sacrum, occipital, 99 

temporal, heels (calcaneus), gluteus, scapula, and 100 

trochanter according to the European Pressure Ulcer 101 

Advisory Panel, National Pressure Ulcer Advisory Panel and 102 

Pan Pacific PI Alliance.17 Medical device-related PIs were 103 

excluded. 104 

Variables and Data Sources 105 

The secondary data drawn from patient medical records 106 

included sex; age; body mass index (BMI; categorized as 107 

follows: 1) underweight, BMI <18.5kg/m2); 2) normal weight, 108 

BMI  18.5–22.9 kg/m2); 3) overweight, BMI 23–24.9 kg/m2); 4) 109 

obese I, BMI 25–29.9 kg/m2); and 5) obese II, BMI >30 kg/m2 110 

according to the WHO recommendations for Asian 111 

populations);18 symptoms related to COVID-19 on admission; 112 

coexisting disorder (hypertension, diabetes mellitus, 113 

cerebrovascular disease, coronary artery disease); type of 114 

oxygen therapy used during the time the patient was 115 

consulted for PI (room air, nasal cannula, simple oxygen 116 

mask, mechanical ventilation); laboratory results of 117 

leucocyte, total neutrophil, total lymphocyte, neutrophil-118 

to-lymphocyte ratio (NLR), platelets, albumin, and d-dimer 119 

dated less than or equal to 3 days prior to the PI 120 

consultation; and PI location and stage. Pressure injury 121 

stages were classified in accordance with guidelines from 122 
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the European Pressure Ulcer Advisory Panel, National 123 

Pressure Ulcer Advisory Panel, and Pan Pacific PI 124 

Alliance.17 125 

Length of stay (LOS) was the number of days a patient 126 

spent in the hospital before being discharged. The data-127 

collection period was defined as the time from the 128 

collection of data from the first participant to the latest 129 

follow-up of the study participants. 130 

Data Analysis 131 

Investigators conducted a descriptive analysis of the data, 132 

reporting medians, percentages, and interquartile ranges 133 

(Table). 134 

 135 

RESULTS 136 

The authors collected data from patients with confirmed 137 

COVID-19 who were treated at their institution during the 138 

start of the pandemic, from March 2020 to June 2021. During 139 

that period, 1,070 patients were hospitalized for COVID-19 140 

with varying severity; of those, 12 patients were also 141 

diagnosed with a PI. Two of the 12 patients had already 142 

experienced a PI before being admitted to the hospital. 143 

Eight of these patients (66.7%) were men. Five of the 12 144 

patients (41.7%) had a stage 2 PI and 7 (58.3%) had a stage 145 

3 PI; none of the patients in this study had stage 1, stage 146 
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4, or unstageable PI or suspected deep-tissue injury. 147 

Overall, these patients had a median age of 60 years. When 148 

looking at median age by PI stage, the median age of 149 

patients with stage 2 PI was only slightly older than the 150 

median age of those with stage 3 PI (65 vs 63.5 years, 151 

respectively). Equal numbers of men had stage 2 (n = 4) or 152 

stage 3 PIs (n = 4) in this study. Among women, three (75%) 153 

had a stage 3 PI and one (25%) had a stage 2 PI. Two-thirds 154 

of the patients were obese. The majority of patients with 155 

PIs were also obese. 156 

Symptoms 157 

Cough (58.3%), fever (50%), shortness of breath (50%), 158 

fatigue (41.7%), and nausea or vomiting (33.3%) were the 159 

most prevalent symptoms among the patients with both COVID-160 

19 and a PI. 161 

Location 162 

The sacrum (66.7%, n = 8) was the most frequent site of PI 163 

in these patients, followed by the gluteus (25%, n = 3), 164 

calcaneus, scapula, temporal, and hip. Sacral wounds were 165 

more prevalent in patients with stage 3 PI than in those 166 

with stage 2 PI.  167 

Comorbid Conditions 168 

On admission to the hospital, 11 (91.7%) of the 12 patients 169 

who experienced PIs during treatment had at least one 170 
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comorbidity, including hypertension (50%), diabetes 171 

(41.7%), stroke (41.7%), and coronary artery disease (25%). 172 

Most patients with a stage 2 PI had hypertension (80%), 173 

whereas most patients with a stage 3 PI also had diabetes 174 

and cerebrovascular disease. 175 

Median Laboratory Values 176 

During treatment, the patients were found to be anemic with 177 

a median hemoglobin of 10.7 g/dL, hypoalbuminemia (median 178 

3.1 g/dL), and an elevated leukocyte count. The NLR median 179 

values were much higher among patients with stage 3 PI 180 

compared with the stage 2 group (21.1 vs 10.9). Platelet 181 

values were relatively normal across all patients with PI. 182 

Patients with a stage 3 PI had lower hemoglobin levels than 183 

those with a stage 2 PI (10.2 vs 11.3 g/dL). In these 184 

patients, the median d-dimer value was 3,700 (range, 1,500-185 

8,400) ng/mL. Those with a stage 3 PI had a substantially 186 

greater median d-dimer (7,900 ng/mL) than patients with a 187 

stage 2 PI (1,100 ng/mL). 188 

Oxygen Therapy 189 

Eight patients (66.7%) required the use of a ventilator, 190 

five of whom had stage 3 PIs and three of whom had stage 2 191 

PIs. One patient (8.3%) used nasal cannula oxygen therapy 192 

and acquired a stage 2 PI. Two patients (16.7%) used a 193 

basic oxygen mask; one developed a stage 2 PI and one 194 

developed a stage 3 PI. 195 
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Vasopressor Support 196 

Because of low BP, the use of vasopressors contributes to 197 

poor peripheral tissue perfusion. Overall, seven of 12 198 

patients required vasopressor support. Five patients 199 

(71.4%) on vasopressors had stage 3 PI whereas only two 200 

patients (40%) had stage 2 PI.   201 

Length of Stay 202 

The median LOS for these patients was 22 (range, 9.8–40.3) 203 

days. Patients with stage 2 PI were treated for 29 (range, 204 

26-41) days and patients with stage 3 PI were treated for 205 

13 (range, 8-29) days.  206 

 207 

DISCUSSION 208 

Although all of these individuals received appropriate 209 

care, PIs developed throughout their hospitalization. In 210 

this study, the median age of patients with PI was 60 years 211 

old, which was similar to the findings of a recent Chinese 212 

study.19 The median age difference between individuals with 213 

stage 2 and 3 PI was nonsignificant. However, a study on PI 214 

in patients with COVID-19 in Spain included more (37.3%) 215 

patients between the ages of 80 and 89.20 Because age is a 216 

determinant in the development of PIs,6 older patients made 217 

up the majority of the age group in COVID-19 hospitalized 218 

cases.21,22 219 
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Two-thirds of the patients diagnosed with COVID-19 220 

were obese. The majority of patients with PI were also 221 

obese. Research suggests that patients who have a low body 222 

mass index (BMI) or are severely obese are more likely to 223 

develop PI.23,24 The present study likely included a high 224 

proportion of patients who were obese because almost all of 225 

the patients with a BMI over 25 kg/m2 (87.5%) were using 226 

ventilators, thus putting them at higher risk of PI 227 

development.3 228 

The most common symptoms seen in this research were 229 

cough, fever, and shortness of breath, followed by fatigue 230 

and nausea or vomiting. According to the literature, cough, 231 

shortness of breath, and fever are frequent complaints from 232 

patients with COVID-19,19,25 whereas diarrhea, loss of sense 233 

of taste or smell, and sore throat may be less common.25,26 234 

The majority of patients in this study (66.7%) had PI 235 

on their sacrum, followed by the gluteus (25%). Other 236 

research also found the sacrum to be the most common site 237 

of PI on patients with COVID-19.19,27 According to a study in 238 

Germany, the strongest predictor for sacral PI development 239 

was mobility.28 Because most of these patients were 240 

eventually mechanically ventilated, immobility would be a 241 

factor in their PI development.29,30 242 

In older adults, atherosclerosis reduces blood 243 

circulation to vital organs such as the heart, brain, legs, 244 
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and skin, increasing the risk of PI development. 245 

Hypertension was the most common comorbid condition in this 246 

study. Cardiovascular disease is frequently associated with 247 

PI. Reduced left ventricle ejection fraction predicts PI in 248 

patients who have had a myocardial infarction.31 These 249 

patients are more likely to have hypertension, but evidence 250 

of its consequences on PI development is conflicting.32  251 

The second most common comorbid conditions in this 252 

study were diabetes and cerebrovascular disease. Diabetes-253 

related peripheral vascular disease and neuropathy appear 254 

to be the root causes of PI in patients with diabetes.33 In 255 

a Turkish study, diabetes was revealed to be a significant 256 

risk factor for PI development in ICU patients.27 Patients 257 

with cerebrovascular disease are more likely to become 258 

immobile and acquire PIs.32 259 

The patients in the present study were all anemic. 260 

Anemia lowers blood oxygen levels, resulting in a lack of 261 

oxygen flow to body tissues.32 This may enhance the 262 

likelihood of tissue ischemia and PI development. Two other 263 

investigations also reported lower-than-normal hemoglobin 264 

levels in ICU patients with PI.19,27 265 

The NLR is considered a marker of physiologic stress,34 266 

but may also a predictor for sepsis.35 An NLR value above 10 267 

could also be a potential parameter for assessing sepsis 268 

severity.36 In this research, the median NLR value was 269 
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higher among patients with stage 3 PI compared with that of 270 

patients with stage 2 PI (21.1 vs 10.9). The patients in 271 

this study also showed elevated levels of leucocytes, 272 

although their platelets were relatively normal. 273 

Leukocytosis and thrombocytopenia are commonly present 274 

during sepsis.34,37 Because sepsis impairs wound healing,38,39 275 

these findings may indicate adverse effects related to PI 276 

development. One study on 104 patients admitted to the ICU 277 

suggested that NLR could be a marker for patients in 278 

increased risk of PI development.40 279 

In this study, patients with stage 3 PI had a larger 280 

increase in mean d-dimer readings than did patients with 281 

stage 2 PI. COVID-19 stimulates an immune response, causing 282 

proinflammatory cytokines to be released and damaging the 283 

vascular endothelium. Following platelet aggregation 284 

activation in response to vascular damage, thrombosis and 285 

microemboli cause plasmin to promote fibrinolysis, 286 

resulting in an increase in d-dimer level.4,41 Although the 287 

mechanism by which COVID-19 affects the development of PI 288 

remains unknown, it has been proposed that the myalgia 289 

generated by COVID-19 may disguise the discomfort of a 290 

developing PI. Simultaneously, a cytokine storm could 291 

exacerbate inflammatory and ischemic tissue damage, as well 292 

as create oxygen-induced metabolic acidosis and 293 

microemboli.41,42 Yu et al19 found that patients with COVID-19 294 
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in the ICU who developed stage 2 and stage 3 PI had a 295 

higher d-dimer value than those with stage 1 PI. 296 

The majority of these patients (66.7%) were in the ICU 297 

with acute respiratory distress syndrome and had to be on a 298 

ventilator, making them immobile, which contributed to 299 

their PI development.29,30,43 This conclusion is consistent 300 

with other studies of ICU patients with COVID-19 who 301 

developed PI.19,27 COVID-19 predominantly infects lung 302 

tissue, resulting in hypoxia due to decreased oxygen 303 

exchange. Low blood oxygen levels contribute to the 304 

development of PI.32 As pressure builds up on the skin, the 305 

interruption of blood circulation combined with a lack of 306 

appropriate oxygen delivery worsens the severity of 307 

ischemia. 308 

Characteristics of multiorgan dysfunction syndrome 309 

might be detected in critically ill patients with COVID-19, 310 

such as dysregulation of the body’s response to infection 311 

characterized by hyperinflammation, alterations in 312 

coagulation, and dysregulation of the immune response.44 A 313 

weakened immune response makes the body vulnerable to 314 

opportunistic bacterial infections, which can result in 315 

septic shock.45 Vasopressors constrict blood arteries to 316 

help keep BP stable. However, the perfusion of smaller 317 

blood arteries may be reduced, thus putting the skin at 318 

risk of PI.46 319 
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The shorter hospital stays of patients with stage 3 PI 320 

in this study compared to patients with stage 2 PI could be 321 

attributed to the quick progression of COVID-19, which led 322 

the patient to die before further progression of their PI. 323 

The authors recommend that additional attention should 324 

be paid to cases of PI in patients with COVID-19. During 325 

the COVID-19 pandemic, Tang et al47 suggested that 326 

improvements in mobility and skin perfusion (eg, by anti-327 

shock therapy), careful positioning, use of pressure-328 

relieving devices, minimization of excess moisture, 329 

correction of malnutrition, and close daily monitoring 330 

would be helpful in preventing and managing PIs.47 According 331 

to one study, having a nurse who is skilled in wound and 332 

skin care assigned to high-risk patients reduces the 333 

likelihood of PI development by 93%.48  334 

Limitations 335 

This study only reports on a single-center experience with 336 

a small group of patients, so it has limited 337 

generalizability. More analytical observational studies 338 

with larger sample sizes could help identify the risk 339 

variables for PI in patients with COVID-19. 340 

 341 

CONCLUSIONS 342 
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Healthcare professionals should pay close attention to 343 

cases of PI in patients with COVID-19, particularly those 344 

in the ICU because these patients have increased PI risk 345 

from immobility due to ventilator use. In patients with 346 

COVID-19 who develop PI, a rise in d-dimer and NLR values 347 

may indicate the severity of PI. Although PIs in these 348 

patients may not result in immediate mortality, an increase 349 

in morbidity may be prevented with the right care. 350 

 351 
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Table. 

CHARACTERISTICS OF PATIENTS WITH COVID-19 AND PRESSURE INJURY 

Characteristic Total (N = 12) Stage 2 (n = 5) Stage 3 (n = 7) 

Demographic characteristics 

Median age, y (interquartile range) 60 (51 - 71) 65 (57.5 - 66) 63,5 (52.5 - 68) 

Men, n (%) 8 (66.7) 4 (80.0) 4 (57.1) 

Women, n (%) 4 (33.3) 1 (20.0) 3 (42.9) 

Body mass index (kg/m2), n (%) 

Underweight (<18.5) 1 (8.3) 0 1 (14.3) 

Normal (18.5-22.9) 1 (8.3) 0 1 (14.3) 

Overweight (23-24.9) 2 (16.7) 2 (40.0) 0 

Obese I (25-29.9) 6 (50.0) 3 (60.0) 3 (42.9) 

Obese II (≥30) 2 (16.7) 0 2 (28.8) 

Symptoms, n (%)  

Cough 7 (58.3) 3 (60.0) 4 (57.1) 

Fever 6 (50.0) 4 (80.0) 2 (28.6) 

Shortness of breath 6 (50.0) 1 (20.0) 5 (71.4) 

Fatigue 5 (41.7) 3 (60.0) 2 (28.6) 

Nausea or vomiting 4 (33.3) 3 (60.0) 1 (14.3) 

Diarrhea 1 (8.3) 1 (20.0) 0 

Loss of taste or smell 1 (8.3) 0 1 (14.3) 

Sore throat 1 (8.3) 1 (20.0) 0 

Nasal congestion 1 (8.3) 1 (20.0) 0 

Ulcer location, n (%)  

Sacrum 8 (66.7) 2 (40.0) 6 (85.7) 

Gluteus 3 (25.0) 3 (60.0) 0 

Temporal 1 (8.3) 1 (20.0) 0 

Calcaneus 1 (8.3) 0 1 (14.3) 

Scapula 1 (8.3) 0 1 (14.3) 

Hip 1 (8.3) 0 1 (14.3) 

Comorbid condition, n (%) 
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Hypertension 6 (50.0) 4 (80.0) 2 (28.6) 

Diabetes 5 (41.7) 2 (40.0) 3 (42.9) 

Cerebrovascular disease 5 (41.7) 1 (20.0) 4 (57.1) 

Coronary artery disease 3 (25.0) 1 (20.0) 2 (28.6) 

Median laboratory values (interquartile range)  

Leukocytes (per mm3) 14,265 (12,547.5-22,992.5)  14,830 (12,480-24,020)  13,700 (12,830-19,885)  

Differential count (per mm3) 

Total neutrophils 12,288.7 (10,830-21,012.9)  11,967.8 (10,886.9-21,401.8)  12,356.9 (11,439.9-18,479.5)  

Total lymphocytes 1,023.9 (782.3-1,442.7)  1,764.8 (1,335.4-1,969.4) 838.1 (698.9-1,023.9) 

Neutrophil/lymphocyte ratio 20.4 (10.6-24) 10.9 (7.7-36.6) 21.1 (15.5- 22.6) 

Hemoglobin (g/dL) 10.7 (10-11.8)  11.3 (10.6-11.4) 10.2 (8.8-11.3) 

Platelet count (per mm3) 260,500 (187,000-443,250)  241,000 (190,000-399,000)  280,000 (203,500-447,500)  

Albumin (g/dL) 3.08 (2.9-3.1) 3 (2.8-3.1) 3.1 (3-3.1) 

D-dimer (ng/mL) 3,700 (1,500-8,400) 1,100 (600-1,700) 7,900 (5,200-11,200) 

Oxygen therapy, n (%)       

Room air 1 (8.3) 0 1 (14.3) 

Nasal cannula 1 (8.3) 1 (20.0) 0 

Simple oxygen mask 2 (16.7) 1 (20.0) 1 (14.3) 

Mechanical ventilation 8 (66.7) 3 (60.0) 5 (71.4) 

Vasopressor support, n (%) 7 (58.3) 2 (40.0) 5 (71.4) 

Length of stay, d (interquartile range) 22 (9.8 – 40.3) 29 (26 - 41) 13 (8 - 29) 
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 20 

ABSTRACT 21 

Objective: This retrospective study aimed to describe the characteristics of 22 

patients treated at a COVID-19 referral hospital from March 2020 to June 2021 who 23 

experienced pressure injuries (PIs) either before or after admission.  24 

Methods: The researchers collected and analyzed data on patients’ demographic 25 

characteristics, symptoms, comorbidities, location and severity of PI, laboratory values, 26 

oxygen therapy, length of stay, and usage of vasopressors. 27 
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Results: During the study period, 1,070 patients were hospitalized for COVID-19 28 

with varying degrees of severity, and 12 patients were diagnosed with PI. Eight (66.7%) 29 

of the patients with PI were men. The median age was 60 (range, 51–71) years, and half 30 

of the patients had obesity. Eleven of the patients with PI (91.4%) had at least one 31 

comorbid condition. The sacrum and gluteus were the two most commonly affected 32 

sites. Those with stage 3 PI had a substantially greater median d-dimer (7,900 ng/mL) 33 

than patients with stage 2 PI (1,100 ng/mL). The average length of stay was 22 (range, 34 

9.8–40.3) days. 35 

Conclusions: Health professionals should be aware of an increase in d-dimer in 36 

patients with COVID-19 and PI. Even though PIs in these patients might not result in 37 

immediate mortality, an increase in morbidity can be avoided with the right care. 38 

Keywords: comorbidity, COVID-19, d-dimer, PI, pressure injury, wound healing, 39 

medical care 40 

 41 

INTRODUCTION 42 

In Indonesia, the first case of COVID-19 was diagnosed in 43 

March 2020; since then, over 2 million people have 44 

contracted COVID-19, with over 21,000 testing positive as 45 

of the end of June 2021.12 As the number of patients 46 

admitted to hospitals increases, particularly ICU 47 

admissions, a greater number of individuals are vulnerable 48 

to pressure injury (PI) as a result of inactivity, 49 

immobility, and the use of artificial airways.2-53,16 50 
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Pressure injury is a type of local trauma caused by 51 

constant pressure on the skin, most commonly over bony 52 

prominences. This pressure is high enough to interfere with 53 

blood flow to the capillaries, reducing oxygen supply to 54 

the tissues. This results in ischemia and necrosis of the 55 

afflicted tissue.64 The sacrum, heel, sciatic tuberosity, 56 

greater trochanter, and lateral malleolus are frequently 57 

impacted.75 Advanced age, immobility, poor nutrition, 58 

excessive moisture, incontinence, altered state of 59 

consciousness, poor perfusion, specific skin diseases, and 60 

concomitant disorders (eg, respiratory failure, anemia, 61 

diabetes, and septicemia) are all risk factors.86 Patients 62 

who develop PIs tend to be older, less mobile, and have 63 

longer hospital stays than patients who do not.97 Gedamu et 64 

al810 reported that patients who were hospitalized for 7 to 65 

20 days had a higher rate of PI than those who were 66 

hospitalized for fewer than 7 days. Slow-healing wounds 67 

might diminish one's quality of life.11 68 

A “cytokine storm” may arise as COVID-19 infection 69 

develops. This unregulated immune response causes immune 70 

cells, lymphocytes, and macrophages to infiltrate and 71 

produce a substantial amount of proinflammatory cytokines.129 72 

The cytokines interleukin-6 (IL-6) and tumor necrosis 73 

factor-α (TNF-α)1310 are both involved in PI development141,152 74 

and are essential components of the cytokine storm. The 75 

rise in d-dimers in COVID-19 indicates that IL-6 and TNF-α 76 

Formatted: Superscript

75



 

these two cytokines are related with a mix of systemic 77 

inflammatory processes and hypercoagulability situations.163 78 

Because of the urgency of the issue and the increased 79 

risk of PI in patients with COVID-19, this study was 80 

conducted at an infectious disease hospital to describe the 81 

clinical characteristics of patients with COVID-19 and PI. 82 

 83 

METHODS 84 

Ethics 85 

On June 22, 2021, the Clinical Research Ethics Committee 86 

accepted this study with ethical approval number 87 

157/KEP/2021. Because this was a retrospective research 88 

study based on anonymous and de-identified data, no consent 89 

was sought. 90 

Study Design and Setting 91 

This was a descriptive and retrospective study. Between 92 

March 2020 and June 2021, samples were taken from each 93 

patient at the hospital who had been diagnosed with PI and 94 

COVID-19. 95 

Participants 96 

Participants were chosen from medical records by their 97 

polymerase chain reaction confirmed result for COVID-19 98 

after being admitted to the COVID-19 referral hospital. The 99 
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study included patients who were at least 18 years old and 100 

had a diagnosis of PI by the attending plastic surgeon in 101 

their medical records. Only PIs induced by supine position 102 

were considered, such as those on the sacrum, occipital, 103 

temporal, heels (calcaneus), gluteus, scapula, and 104 

trochanter according to the European Pressure Ulcer 105 

Advisory Panel, National Pressure Ulcer Advisory Panel and 106 

Pan Pacific PI Alliance.17 Medical device-related PIs were 107 

excluded. 108 

Variables and Data Sources 109 

The secondary data drawn from patient medical records 110 

included sex; age; body mass index (BMI; categorized as 111 

follows: 1) underweight, BMI <18.5kg/m2); 2) normal weight, 112 

BMI  18.5–22.9 kg/m2); 3) overweight, BMI 23–24.9 kg/m2); 4) 113 

obese I, BMI 25–29.9 kg/m2); and 5) obese II, BMI >30 kg/m2 114 

according to the WHO recommendations for Asian 115 

populations);18 symptoms related to COVID-19 on admission; 116 

coexisting disorder (hypertension, diabetes mellitus, 117 

cerebrovascular disease, coronary artery disease); type of 118 

oxygen therapy used during the time the patient was 119 

consulted for PI (room air, nasal cannula, simple oxygen 120 

mask, mechanical ventilation); laboratory results of 121 

leucocyte, total neutrophil, total lymphocyte, neutrophil-122 

to-lymphocyte ratio (NLR), platelets, albumin, and d-dimer 123 

dated less than or equal to 3 days prior to the PI 124 
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consultation; and PI location and stage. Pressure injury 125 

stages were classified in accordance with guidelines from 126 

the European Pressure Ulcer Advisory Panel, National 127 

Pressure Ulcer Advisory Panel, and Pan Pacific PI 128 

Alliance.17 129 

Length of stay (LOS) was the number of days a patient 130 

spent in the hospital before being discharged. The data-131 

collection period was defined as the time from the 132 

collection of data from the first participant to the latest 133 

follow-up of the study participants. 134 

Data Analysis 135 

Investigators conducted a descriptive analysis of the data, 136 

reporting medians, percentages, and interquartile ranges 137 

(Table). 138 

 139 

RESULTS 140 

The authors collected data from patients with confirmed 141 

COVID-19 who were treated at their institution during the 142 

start of the pandemic, from March 2020 to June 2021. During 143 

that period, 1,070 patients were hospitalized for COVID-19 144 

with varying severity; of those, 12 patients were also 145 

diagnosed with a PI. Two of the 12 patients had already 146 

experienced a PI before being admitted to the hospital. 147 

Eight of these patients (66.7%) were men. Five of the 12 148 
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patients (41.7%) had a stage 2 PI and 7 (58.3%) had a stage 149 

3 PI; none of the patients in this study had stage 1, stage 150 

4, or unstageable PI or suspected deep-tissue injury. 151 

Overall, these patients had a median age of 60 years, 152 

ranging from 51 to 71 years. When looking at median age by 153 

PI stage, the median age of patients with stage 2 PI was 154 

only slightly older than the median age of those with stage 155 

3 PI (65 vs 63.5 years, respectively). Equal numbers of men 156 

had stage 2 (n = 4) or stage 3 PIs (n = 4) in this study. 157 

Among women, three (75%) had a stage 3 PI and one (25%) had 158 

a stage 2 PI. Two-thirds of the patients (67%) were obese. 159 

The majority of patients with PIs were also obese. 160 

Symptoms 161 

Cough (58.3%), fever (50%), shortness of breath (50%), 162 

fatigue (41.7%), and nausea or vomiting (33.3%) were the 163 

most prevalent symptoms among the patients with both COVID-164 

19 and a PI. 165 

Location 166 

Some of the 12 patients have had numerous pressure 167 

injuries. The sacrum (66.7%, n = 8) was the most frequent 168 

site of PI in these patients, followed by the gluteus (25%, 169 

n = 3), calcaneus, scapula, temporal, and hip. Sacral 170 

wounds were more prevalent in patients with stage 3 PI 171 

(n=6)than in those with stage 2 PI (n=2).  172 
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Comorbid Conditions 173 

On admission to the hospital, 11 (91.7%) of the 12 patients 174 

who experienced PIs during treatment had at least one 175 

comorbidity, including hypertension (50%), diabetes 176 

(41.7%), stroke (41.7%), and coronary artery disease (25%). 177 

Most patients with a stage 2 PI had hypertension (80%), 178 

whereas most patients with a stage 3 PI also had diabetes 179 

(42.9%) and cerebrovascular disease (57.1%). 180 

Median Laboratory Values 181 

During treatment, the patients were found to be slight 182 

anemic with a median hemoglobin of 10.7 g/dL (normal 183 

values: 12-16), a median hypoalbuminemia of (median 3.1 184 

g/dL) (normal values: 3,4-4,8), and an elevated leukocyte 185 

count with a median 14.265 (normal values: 4.000-11.000). 186 

The NLR median values were much higher among patients with 187 

stage 3 PI compared with the stage 2 group (21.1 vs 10.9). 188 

Platelet values were relatively normal across all patients 189 

with PI. Patients with a stage 3 PI had lower hemoglobin 190 

levels than those with a stage 2 PI (10.2 vs 11.3 g/dL). In 191 

these patients, the median d-dimer value was 3,700 (range, 192 

1,500-8,400) ng/mL. Those with a stage 3 PI had a 193 

substantially greater median d-dimer (7,900 ng/mL) than 194 

patients with a stage 2 PI (1,100 ng/mL). 195 

Oxygen Therapy 196 
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Eight patients (66.7%) required the use of a ventilator, 197 

five of whom had stage 3 PIs and three of whom had stage 2 198 

PIs. One patient (8.3%) used nasal cannula oxygen therapy 199 

and acquired a stage 2 PI. Two patients (16.7%) used a 200 

basic oxygen mask; one developed a stage 2 PI and one 201 

developed a stage 3 PI. 202 

Vasopressor Support 203 

Because of low BP, the use of vasopressors contributes to 204 

poor peripheral tissue perfusion. Overall, seven of 12 205 

patients required vasopressor support. Five patients 206 

(71.4%) on vasopressors had stage 3 PI whereas only two 207 

patients (40%) had stage 2 PI.   208 

Length of Stay 209 

The median LOS for these patients was 22 (range, 9.8–40.3) 210 

days. Patients with stage 2 PI were treated for 29 (range, 211 

26-41) days and patients with stage 3 PI were treated for 212 

13 (range, 8-29) days.  213 

 214 

DISCUSSION 215 

Although all of these individuals received appropriate 216 

care, PIs developed throughout their hospitalization. In 217 

this study, the median age of patients with PI was 60 years 218 

old, which was similar to the findings of a recent Chinese 219 

study.19 The median age difference between individuals with 220 
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stage 2 and 3 PI was nonsignificant. However, a study on PI 221 

in patients with COVID-19 in Spain included more (37.3%) 222 

patients between the ages of 80 and 89.20 Because age is a 223 

determinant in the development of PIs,6 older patients made 224 

up the majority of the age group in COVID-19 hospitalized 225 

cases.21,22 226 

Two-thirds of the patients diagnosed with COVID-19 227 

were obese. The majority of patients with PI were also 228 

obese. Research suggests that patients who have a low body 229 

mass index (BMI) or are severely obese are more likely to 230 

develop PI.23,24 The present study likely included a high 231 

proportion of patients who were obese because almost all of 232 

the patients with a BMI over 25 kg/m2 (87.5%) were using 233 

ventilators, thus putting them at higher risk of PI 234 

development.3 235 

The most common symptoms seen in this research were 236 

cough, fever, and shortness of breath, followed by fatigue 237 

and nausea or vomiting. According to the literature, cough, 238 

shortness of breath, and fever are frequent complaints from 239 

patients with COVID-19,19,25 whereas diarrhea, loss of sense 240 

of taste or smell, and sore throat may be less common.25,26 241 

The majority of patients in this study (66.7%) had PI 242 

on their sacrum, followed by the gluteus (25%). Other 243 

research also found the sacrum to be the most common site 244 

of PI on patients with COVID-19.19,27 According to a study in 245 
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Germany, the strongest predictor for sacral PI development 246 

was mobility.28 Because most of these patients were 247 

eventually mechanically ventilated, immobility would be a 248 

factor in their PI development.29,30 249 

In older adults, atherosclerosis reduces blood 250 

circulation to vital organs such as the heart, brain, legs, 251 

and skin, increasing the risk of PI development. 252 

Hypertension was the most common comorbid condition in this 253 

study. Cardiovascular disease is frequently associated with 254 

PI. Reduced left ventricle ejection fraction predicts PI in 255 

patients who have had a myocardial infarction.31 These 256 

patients are more likely to have hypertension, but evidence 257 

of its consequences on PI development is conflicting.32  258 

The second most common comorbid conditions in this 259 

study were diabetes and cerebrovascular disease. Diabetes-260 

related peripheral vascular disease and neuropathy appear 261 

to be the root causes of PI in patients with diabetes.33 In 262 

a Turkish study, diabetes was revealed to be a significant 263 

risk factor for PI development in ICU patients.27 Patients 264 

with cerebrovascular disease are more likely to become 265 

immobile and acquire PIs.32 266 

The patients in the present study were all anemic. 267 

Anemia lowers blood oxygen levels, resulting in a lack of 268 

oxygen flow to body tissues.32 This may enhance the 269 

likelihood of tissue ischemia and PI development. Two other 270 
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investigations also reported lower-than-normal hemoglobin 271 

levels in ICU patients with PI.19,27 272 

The NLR is considered a marker of physiologic stress,34 273 

but may also a predictor for sepsis.35 An NLR value above 10 274 

could also be a potential parameter for assessing sepsis 275 

severity.36 In this research, the median NLR value was 276 

higher among patients with stage 3 PI compared with that of 277 

patients with stage 2 PI (21.1 vs 10.9). The patients in 278 

this study also showed elevated levels of leucocytes, 279 

although their platelets were relatively normal. 280 

Leukocytosis and thrombocytopenia are commonly present 281 

during sepsis.34,37 Because sepsis impairs wound healing,38,39 282 

these findings may indicate adverse effects related to PI 283 

development. One study on 104 patients admitted to the ICU 284 

suggested that NLR could be a marker for patients in 285 

increased risk of PI development.40 286 

In this study, patients with stage 3 PI had a larger 287 

increase in mean d-dimer readings than did patients with 288 

stage 2 PI. COVID-19 stimulates an immune response, causing 289 

proinflammatory cytokines to be released and damaging the 290 

vascular endothelium. Following platelet aggregation 291 

activation in response to vascular damage, thrombosis and 292 

microemboli cause plasmin to promote fibrinolysis, 293 

resulting in an increase in d-dimer level.4,41 Although the 294 

mechanism by which COVID-19 affects the development of PI 295 
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remains unknown, it has been proposed that the myalgia 296 

generated by COVID-19 may disguise the discomfort of a 297 

developing PI. Simultaneously, a cytokine storm could 298 

exacerbate inflammatory and ischemic tissue damage, as well 299 

as create oxygen-induced metabolic acidosis and 300 

microemboli.12,4141,42 Yu et al19 found that patients with 301 

COVID-19 in the ICU who developed stage 2 and stage 3 PI 302 

had a higher d-dimer value than those with stage 1 PI. 303 

The majority of these patients (66.7%) were in the ICU 304 

with acute respiratory distress syndrome and had to be on a 305 

ventilator, making them immobile, which contributed to 306 

their PI development.29,30,423 This conclusion is consistent 307 

with other studies of ICU patients with COVID-19 who 308 

developed PI.19,27 COVID-19 predominantly infects lung 309 

tissue, resulting in hypoxia due to decreased oxygen 310 

exchange. Low blood oxygen levels contribute to the 311 

development of PI.32 As pressure builds up on the skin, the 312 

interruption of blood circulation combined with a lack of 313 

appropriate oxygen delivery worsens the severity of 314 

ischemia. 315 

Characteristics of multiorgan dysfunction syndrome 316 

might be detected in critically ill patients with COVID-19, 317 

such as dysregulation of the body’s response to infection 318 

characterized by hyperinflammation, alterations in 319 

coagulation, and dysregulation of the immune response.434 A 320 
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weakened immune response makes the body vulnerable to 321 

opportunistic bacterial infections, which can result in 322 

septic shock.445 Vasopressors constrict blood arteries to 323 

help keep BP stable. However, the perfusion of smaller 324 

blood arteries may be reduced, thus putting the skin at 325 

risk of PI.456 326 

The shorter hospital stays of patients with stage 3 PI 327 

(median= 13 days) in this study compared to patients with 328 

stage 2 PI (median= 29 days) could be attributed to the 329 

quick progression of COVID-19, which led the patient to die 330 

before further progression of their PI. Fifty percent of 331 

patients died during their hospital stay: four of seven 332 

patients with stage 3 PI (57.1%), and two of five patients 333 

with stage 2 PI (40%).  334 

The authors recommend that additional attention should 335 

be paid from healthcare workers to cases of PI in patients 336 

with COVID-19. During the COVID-19 pandemic, Tang et al47 337 

suggested that improvements in mobility and skin perfusion 338 

(eg, by anti-shock therapy), careful positioning, use of 339 

pressure-relieving devices, minimization of excess 340 

moisture, correction of malnutrition, and close daily 341 

monitoring would be helpful in preventing and managing 342 

PIs.247 According to one study, having a nurse who is skilled 343 

in wound and skin care assigned to high-risk patients 344 

reduces the likelihood of PI development by 93%.478  345 
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Limitations 346 

This study only reports on a single-center experience with 347 

a small group of patients, so it has limited 348 

generalizability. More analytical observational studies 349 

with larger sample sizes could help identify the risk 350 

variables for PI in patients with COVID-19. 351 

 352 

CONCLUSIONS 353 

Healthcare professionals should pay close attention to 354 

cases of PI in patients with COVID-19, particularly those 355 

in the ICU because these patients have increased PI risk 356 

from immobility due to ventilator use. In patients with 357 

COVID-19 who develop PI, a rise in d-dimer and NLR values 358 

may indicate the severity of PI. Although PIs in these 359 

patients may not result in immediate mortality, an increase 360 

in morbidity may be prevented with the right care. 361 

 362 
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Table. 

CHARACTERISTICS OF PATIENTS WITH COVID-19 AND PRESSURE INJURY 

Characteristic Total (N = 12) Stage 2 (n = 5) Stage 3 (n = 7) 

Demographic characteristics 

Median age, y (interquartile range) 60 (51 - 71) 65 (57.5 - 66) 63,5 (52.5 - 68) 

Men, n (%) 8 (66.7) 4 (80.0) 4 (57.1) 

Women, n (%) 4 (33.3) 1 (20.0) 3 (42.9) 

Body mass index (kg/m2), n (%) 

Underweight (<18.5) 1 (8.3) 0 1 (14.3) 

Normal (18.5-22.9) 1 (8.3) 0 1 (14.3) 

Overweight (23-24.9) 2 (16.7) 2 (40.0) 0 

Obese I (25-29.9) 6 (50.0) 3 (60.0) 3 (42.9) 

Obese II (≥30) 2 (16.7) 0 2 (28.8) 

Symptoms, n (%)  

Cough 7 (58.3) 3 (60.0) 4 (57.1) 

Fever 6 (50.0) 4 (80.0) 2 (28.6) 

Shortness of breath 6 (50.0) 1 (20.0) 5 (71.4) 

Fatigue 5 (41.7) 3 (60.0) 2 (28.6) 

Nausea or vomiting 4 (33.3) 3 (60.0) 1 (14.3) 

Diarrhea 1 (8.3) 1 (20.0) 0 

Loss of taste or smell 1 (8.3) 0 1 (14.3) 

Sore throat 1 (8.3) 1 (20.0) 0 

Nasal congestion 1 (8.3) 1 (20.0) 0 

Ulcer location, n (%)  

Sacrum 8 (66.7) 2 (40.0) 6 (85.7) 

Gluteus 3 (25.0) 3 (60.0) 0 

Temporal 1 (8.3) 1 (20.0) 0 

Calcaneus 1 (8.3) 0 1 (14.3) 

Scapula 1 (8.3) 0 1 (14.3) 

Hip 1 (8.3) 0 1 (14.3) 

Comorbid condition, n (%) 
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Hypertension 6 (50.0) 4 (80.0) 2 (28.6) 

Diabetes 5 (41.7) 2 (40.0) 3 (42.9) 

Cerebrovascular disease 5 (41.7) 1 (20.0) 4 (57.1) 

Coronary artery disease 3 (25.0) 1 (20.0) 2 (28.6) 

Median laboratory values (interquartile range)  

Leukocytes (per mm3) 14,265 (12,547.5-22,992.5)  14,830 (12,480-24,020)  13,700 (12,830-19,885)  

Differential count (per mm3) 

Total neutrophils 12,288.7 (10,830-21,012.9)  11,967.8 (10,886.9-21,401.8)  12,356.9 (11,439.9-18,479.5)  

Total lymphocytes 1,023.9 (782.3-1,442.7)  1,764.8 (1,335.4-1,969.4) 838.1 (698.9-1,023.9) 

Neutrophil/lymphocyte ratio 20.4 (10.6-24) 10.9 (7.7-36.6) 21.1 (15.5- 22.6) 

Hemoglobin (g/dL) 10.7 (10-11.8)  11.3 (10.6-11.4) 10.2 (8.8-11.3) 

Platelet count (per mm3) 260,500 (187,000-443,250)  241,000 (190,000-399,000)  280,000 (203,500-447,500)  

Albumin (g/dL) 3.08 (2.9-3.1) 3 (2.8-3.1) 3.1 (3-3.1) 

D-dimer (ng/mL) 3,700 (1,500-8,400) 1,100 (600-1,700) 7,900 (5,200-11,200) 

Oxygen therapy, n (%)       

Room air 1 (8.3) 0 1 (14.3) 

Nasal cannula 1 (8.3) 1 (20.0) 0 

Simple oxygen mask 2 (16.7) 1 (20.0) 1 (14.3) 

Mechanical ventilation 8 (66.7) 3 (60.0) 5 (71.4) 

Vasopressor support, n (%) 7 (58.3) 2 (40.0) 5 (71.4) 

Length of stay, d (interquartile range) 22 (9.8 – 40.3) 29 (26 - 41) 13 (8 - 29) 

Died during hospital stays, n (%) 6 (50.0) 2 (40.0) 4 (57.1) 
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