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a b s t r a c t
iNtroductioN: prone positioning ventilation (ppV) is an effective treatment for patients with moderate to severe acute respiratory distress 
syndrome (ARDS). Despite the benefits of PPV, different kinds of short and long-term consequences have been noted. This review summarizes 
long-term complications of ppV that impact treatment strategies and outcomes in acute and postacute rehabilitation.
EVidENcE acQuisitioN: pubMed/Medline, cochrane library, cochrane coVid-19 study register databases and the Google scholar 
search engine were systematically searched for studies investigating long-term complications of PPV. The final search date for all sources/
databases was January 31, 2022. for our methodological appraisal, we conducted a systematic review of articles without any restrictions on 
types of articles or publication dates. only articles published in English and available as full texts were eligible for inclusion. after the screening 
process, data of interest were extracted from eligible sources: PPV sequelae and conclusions (i.e. possible effects on the course of rehabilitation 
and therapy strategies).
EVIDENCE SYNTHESIS: A total of 59 studies are included in this review. Long-term consequences are mainly pressure ulcers and nerve le-
sions that exist after discharge from the intensive care unit (icu). publications rarely recommend treatment strategies for long-term complica-
tions after PPV. Due to the quality of the included studies, no robust conclusions as to effective strategies can be drawn.
CONCLUSIONS: Further high-quality research is required, considering the different long-term complications after PPV and their impact on 
rehabilitation in order to draw conclusions about viable physical therapies. Crucially, however, prone positioning (PP) sequelae pose new chal-
lenges to physicians and therapists in acute and postacute rehabilitation medicine as well as follow-up care.
(Cite this article as: Elmer N, Reißhauer A, Brehm K, Vockeroth C, Liebl ME. Long-term complications of prone position ventilation with rel-
evance for acute and postacute rehabilitation: a systematic review of the literature. Eur J phys rehabil Med 2023;59:111-21. doi: 10.23736/s1973-
9087.22.07529-3)
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Introduction

the proning severe ards patients (prosEVa) trial 
from 2013 has established prone positioning (pp) as a 

recommended treatment to help improve respiratory func-
tion and oxygenation in critically ill patients with acute 

respiratory distress syndrome (ards) by showing a sur-
vival benefit.1, 2 first recognized in the 1960s, ards is 
caused by diffuse lung damage and manifests by acute, se-
vere shortness of breath, hypoxemia and bilateral diffuse 
pulmonary infiltrates; it leads to respiratory failure.3, 4 as 
it is widely known by now, an infection with SARS-CoV-2 
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care. With a view to helping elicit prompter and more spe-
cific responses to these challenges in follow-up care, this 
review aimed to provide an overview of publications on 
PPV in ARDS, with a focus on their long-term sequelae.21 
In a second step, we aggregate the findings on each sequela 
with an identified relevance for follow-up care across all 
publications.

Evidence acquisition

Study design

the literature search was performed based on the preferred 
reporting items for systematic reviews.22

Information sources

We relied on the following sources to identify pertinent 
publications: 1) database search (performed on the 31 Jan-
uary 2022) – pubMed, cochrane library, cochrane co-
Vid-19 study register; 2) screening of references from 
included articles; and 3) search on the internet (via Google 
scholar) to identify potential sources in the grey literature.

Search strategy

the systematic database search and article selection were 
performed by two independent investigators, blinded to 
each other. We followed three search strategies to identify 
pertinent publications, with a final search date of January 
31, 2022. the search strategy was developed by combin-
ing search terms related to the intervention (“prone po-
sition” OR “prone” AND “position”) and the key words 
related to pp effects (“complication” or “side effects” 
OR “sequelae”) and related to the cause of PPV (“ARDS” 
or “acute respiratory distress syndrome”). the detailed 
search strategy is reported in table i.

Data collection process and data items

the data items of interest were extracted by two review-
ers. The results were double-checked and completed by 
one other author. from each individual study, the follow-
ing information was extracted: study design, patient char-
acteristics (sample size), ventilation position, PP sequelae 
and the conclusions of the authors. only outcomes of pp 
sequelae relevant for acute and postacute rehabilitation 
were included in the data extraction form. other outcome 
measures, which do not influence follow-up rehabilita-
tion, were displayed, yet disregarded in the aggregated 
analysis.

affects the respiratory system, frequently causing ARDS, 
which can require extended periods of invasive mechani-
cal ventilation.5 As a consequence, implementation of the 
PP recommendation in ARDS has increased significantly 
during the coVid-19 pandemic.2 at the same time, there 
has been an increased number of reports of adverse events 
and complications associated with prone positioning ven-
tilation (ppV).6 Specifically, PPV sequelae have been pos-
ing new challenges to physicians and therapists in acute 
and postacute rehabilitation medicine as well as follow-up 
care.7 an effective breathing support strategy is crucial in 
treating both coVid-19 ards and typical ards caused 
by other pathogens.8, 9 ppV is an effective treatment for 
patients with moderate to severe ards which can im-
prove oxygenation and reduce mortality.8 pp has been 
used since the 1970s to treat severe hypoxemia in patients 
with ards because of its effectiveness in improving gas 
exchange. compared with the supine position (sp), plac-
ing patients in pp effects a more even tidal volume distri-
bution through improved ventilation of dorsobasal parts of 
the lungs.10 PPV appears to be also beneficial in COVID-
19-related ards.11 While ppV is used in only about 16% 
of patients with typical ards, its use in coVid-19-relat-
ed ards has been more pervasive and has been shown to 
be successful earlier in the course of ards, with a sug-
gested duration of use for more than 12 hours per day.12, 13 
in the treatment of severe coVid-19 patients, pp has also 
been applied in awake patients receiving high flow oxygen 
therapy, especially in patients with moderate ards, for 
an improvement in the mismatch of ventilation-perfusion 
and for opening the atelectatic lungs by adequate sputum 
drainage.11, 14 Despite the benefits of PPV, different kinds 
of sequelae have been noted, which can be directly at-
tributed to prone ventilation sessions.15-17 some side ef-
fect risks seem to correlate with the number of days under 
mechanical ventilation and the daily duration of pp.17 the 
sheer number of critical coVid-19 cases during the pan-
demic has resulted in an increase in ards patients being 
treated in pp, and thus an increase in patients presenting 
with different kinds of PP sequelae in acute and postacute 
rehabilitation.18 a growing number of papers capture typi-
cal consequences of PPV. In addition, several reviews of-
fer synopses of these PPV sequelae.19, 20 however, from 
an acute and postacute rehabilitation medicine perspective 
these numerous studies with their disparate scopes and 
perspectives make it difficult to gain a focused understand-
ing of the sequelae that affect follow-up care. It is crucial 
to understand how PPV sequelae impact treatment strate-
gies and outcomes in acute rehabilitation and follow-up 



loNG-tErM coMplicatioNs of ppV ElMEr

Vol. 59 - No. 1 EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE 113

only on short-term effects that did not persist after dis-
charge from icu, such as improvement of respiratory and 
oxygenation parameters, physiological effects, selective 
intubation, displaced intravenous accesses, endotracheal 
tube obstruction, tracheal tube displacement, bleeding, 
and mortality outcome.

Screening process

after excluding duplicates, titles and abstracts of the re-
maining publications were screened to identify relevant 
studies. the searches were carried out in titles, abstracts and 
key terms without restrictions regarding publication dates. 
for both, studies considered relevant and cases of doubt, 
full paper copies were retrieved to check their eligibility. 
if the full text was not available, the study was excluded.

Evidence synthesis

Study selection

two reviewers (c.V., N.E.) independently reviewed the 
records identified in the search and assessed the full 

Eligibility criteria

studies were included in this review if they met the fol-
lowing inclusion criteria: 1) type of participants – articles 
dealing with pp in patients suffering from ards (>18 
years old); 2) type of intervention – studies investigating 
prone positioning-associated sequelae; 3) type of outcome 
– articles including data from prone positioning-associated 
sequelae that impact treatment strategies and prognoses/
outcomes in acute and postacute rehabilitation, and follow-
up care (ulcers and wounds, nerve injuries, edema, health-
related quality of life); and 4) type of study design – no re-
strictions on the type of article were imposed. We included 
all relevant articles from reports of single cases to prospec-
tive randomized trials. We applied no publication date con-
straints. studies had to be published in English language.

Exclusion criteria

Excluding criteria were: 1) additional diagnoses – articles 
investigating other diagnoses besides ards in ppV; 2) 
pregnancy – articles on ards in pregnant patients; 3) 
pediatric – articles on ards in pediatric patients; and 4) 
type of outcome – articles were excluded if they focused 

Table I.—� Search strategy.
database search strategy
Medline (pubMed) “Prone position” OR “prone” AND “position” AND “complication” OR “side effects” OR “sequelae” AND 

“ards” or “acute respiratory distress syndrome” aNd “humans”
cochrane library “Pron*” AND “complicat*” OR “side effect” OR “sequelae” AND “ARDS” OR “acute respiratory distress 

syndrome” in title abstract Keyword – in trials (word variations have been searched)
cochrane coVid-19 study register “Pron*” AND “complication” OR “side effect” OR “sequelae” AND “ARDS” OR “acute respiratory distress 

syndrome” in select all (word variations have been searched)
Google scholar “Prone position” OR “prone” AND “position” AND “complication” OR “side effects” OR “sequelae” AND 

“ards” or “acute respiratory distress syndrome”

figure 1.—flow diagram of the literature selection process.
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involving the face, the abdomen and the anterior part of the 
thorax is higher in patients in pp than in sp. this conjec-
ture was confirmed by Girard R. et al.: at icu discharge, 
41 out of 223 patients that had been treated in pp had facial 
ps and 14 out of 219 showed ps involving the anterior part 
of the thorax, whilst in the sp group, the number was only 
3 out of 216 and 2 out 216.39 also, the appearance of ps 
on ears,44 eyelids,44 cheekbones,15, 44 chin,15, 36, 44 scapu-
lar waist29, 44 thorax15, 36, 40 abdomen,36, 51, 64 genitals,44, 46 
trochanter,15 and other sites37, 39 were described in various 
studies. some only mentioned stages of recorded ps but 
not location.2, 24, 29, 53, 55 Risk factors for the development 
of ps in icu patients are: age, emergency admission, use 
of norepinephrine, cardiovascular comorbidity, respiratory 
comorbidity, Sequential Organ Failure Assessment Score 
(sofa), length of stay in the icu, duration of invasive 
ventilation, winter icu admission and immobilization.2 in 
their multicenter retrospective cohort study, l’her et al. 
found that the occurrence of clinically significant PS (stage 
3 or 4) was directly related to the required number of PP-
sessions but not to their duration.53

Nerve injuries (upper/lower extremity)

Nerve injuries are uncommon following prone positioning. 
Yet, in the two months of SARS-CoV-2 peak pandemic in 
northern italy, 7 cases of compression injuries across 135 
patients who underwent ppV were observed.26 all of the 
7 patients were male. prevalence of the condition among 
patients with sars-coV-2 discharged from icu thus 
amounted to about 5%. several factors may account for 
such complications.26 sars-coV-2 infection in combina-
tion with IV in PP seems to increase the risk of developing 
compression nerve injuries.26 PP procedures require expert 
skills. Extracare must be taken with arm positioning and 
motion while patients are prone. peroneal nerve palsy is 
the most frequently observed compression neuropathy in 
lower extremities.78 terlemez et al. observe patients with 
unilateral peroneal nerve entrapment. External compres-
sion of the peroneal nerve, usually followed by anesthesia, 
prolonged hospitalization, casting, tight bracing, compres-
sion wrapping, and pneumatic compression device use, 
often causes peroneal nerve entrapment.71

Prone position plexopathy

in a case report from 2002, Goettler et al. described two 
cases of brachial plexopathy after the patients were treated 
in pp.41 The first case involved a 34-year-old woman who 
was treated in pp for 12 hours a day as a part of ards treat-

texts. the database search resulted in a total of 449 hits 
after removal of duplicates (27) and animal studies (2). a 
further 62 articles were obtained by screening reference 
lists and a grey literature search (figure 1). of these 511 
articles, 417 (81.6%) were excluded during the screening 
of titles and abstracts. the remaining 94 articles were 
screened in full text for inclusion criteria. of these, a fur-
ther 35 (37.2% of articles screened in full) were excluded 
(7 pediatric articles, 3 articles not available in full text, 4 
not available in English, 21 articles without relevant pp 
outcomes). table i provides a systematic overview of all 
included articles and the side effects of pp they discuss.

Study characteristics

supplementary digital Material 1 (supplementary table 
i)2, 6, 15-17, 21, 23-75 lists the characteristics of all reviewed 
studies in detail (reference, study design, sample size, 
PPV associated sequelae, and conclusion of the article).

PPV complications

While the reviewed studies (supplementary digital Mate-
rial 1: supplementary table i2, 6, 15-17, 21, 23-75) address pp 
sequelae in ARDS patients, almost all of them (especially 
case reports) are limited to individual outcomes and their 
impacts. this review aimed to focus on long-term conse-
quences of PPV (persisting after discharge from ICU and 
beyond) and discuss potential treatment options that fol-
low. to this end, publications were evaluated with a focus 
on the findings they provide on the individual PP sequelae.

Pressure sores/pressure injury

PS are defined as damaged skin and tissue due to pressure-
induced ischemia.76 in 2016, the National pressure injury 
advisory panel published the revised Npuap pressure 
injury staging system which categorizes pressure injuries 
(pi) in 4 stages.77 Stage 1 is described as an intact skin with 
a localized non-blanchable erythema; attention must be 
paid in patients with darkly pigmented skin. In stage 2, the 
skin shows loss of partial thickness with exposed dermis. In 
stage 3, because of full-thickness skin loss, adipose tissue is 
visible in the ulcer, the granulation tissue and the epibole.77 
PIs in which a full-thickness tissue damage can be seen, 
and fascia, muscle, tendon, ligament, cartilage, or bone is 
exposed or directly palpable in the ulcer, are categorized as 
stage 4 pressure injuries.77 locations differ depending on 
patient positioning but skin over bony protrusions is partic-
ularly affected.76 as pp puts anterior body parts in contact 
with the surface, it seems logical that the incidence of ps 
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scribed in the reviewed studies are facial edema,24, 44, 53, 55, 58 
conjunctival edema (chemosis),44 limb edema, and thorax 
edema.55 in addition, chan et al. noted a swelling of the 
face, eye and knee.29 Again, the locations of these sequelae 
are coherent with parts of the body exposed to pp-induced 
increased pressure. according to chan et al.,15 l’her et 
al.53 and Mancebo et al.,55 edema rapidly improves after 
the patient is turned back to SP.

Health related quality of life

the short form-36 Questionnaire (sf-36) combines phys-
ical and mental components into its scoring as it relates to 
vitality, physical functioning, bodily pain, perceptions of 
health, physical role functioning, emotional role function-
ing, social role functioning and mental health.81 the score 
ranges from 0 to 100, with higher scores indicating lower 
levels of disability. similarly to sf-36, the saint George 
respiratory Questionnaire (sGrQ) is a health related 
quality of life questionnaire but specifically designed for 
patients suffering from pulmonary disease. it covers three 
domains: symptoms, activity and impact on daily life.32 
While the score again ranges from 0 to 100, here it is low-
er scores that indicate better pulmonary-specific health-
related quality of life.32 in a 12-month follow-up obser-
vational prospective study chiumello et al. studied which 
effect the application of pp in patients with ards had on 
health-related quality of life compared to patients treated 
in supine position (sp). No differences in pulmonary func-
tion or health-related quality of life between the PP-group 
and sp-group could be found. however, ards survivors, 
whether treated in PP or SP, reach significantly lower SF-
36 scores at 1 year compared to comparably critically ill 
patients who did not experience ards.32, 34 davidson et 
al. reported statistically significant reductions in 7 of 8 SF-
36 domains, which were physical functioning, role-physi-
cal, bodily pain, general health, vitality, social functioning, 
and mental health, with a difference in scores ranging from 
6 to 24 points per domain.43 these reductions seem to be 
related to alterations in pulmonary function, impairment of 
muscle function, and duration of mechanical ventilation.32

Impaired mobility and work ability

Kiekens et al. in “‘Instant paper from the field’ on reha-
bilitation answers to the coVid-19 emergency” reported 
several mobility impairments in coVid-19-related ards 
survivors, such as: muscle weakness, critical myopathy 
(and neuropathy), reduced joint mobility, neck and shoul-
der pain, difficulty in verticalization, impaired balance and 

ment.41 during her stay in the icu, the patient described 
numbness and presented weakness in her entire left hand and 
paresthesias of her radial forearm.41 Thanks to aggressive 
physical therapy, she showed a complete recovery of func-
tional activity in the left arm.41 The superficial location of the 
upper trunk of the brachial plexus in the supraclavicular area 
renders it susceptible to compression or traction injuries.67

Meralgia paresthetica

Meralgia paresthetica (Mp) is caused by compression of 
the lateral femoris cutaneous nerve (lfcN) in the ingui-
nal ligament region in front of the spina iliaca anterior su-
perior,79 resulting in dysesthesia, paresthesia, anesthesia, 
or hypoesthesia over the region innervated by the lfcN, 
the anterolateral thigh.80 Juhl et al. presented the case of a 
57-year-old male who received ppV in ards treatment. 
he was positioned with his forehead and chin on a head 
rest while two supporting pads were placed under the up-
per thorax and the hips, leaving the abdomen hanging free, 
without pressure on the genitalia.45 a third supporting pad 
was placed under the lower legs.45 From the time of wak-
ing up in the intensive care unit and more than six months 
later, the patient noticed numbness on the lateral side of 
both thighs (24). a bilateral meralgia paraesthetica was 
suspected and later confirmed.45 the authors assume Mp 
to be an underdiagnosed condition in patients who receive 
mechanical ventilation in pp.56, 63, 74

Lower cranial nerves paralysis

trejo-Gabriel-Galan et al. reported on a 48-year-old male 
who complained about dysphagia after ppV over a period 
of two days for 18 hours per day.72 during a neurological 
examination the patient presented no movement of the right 
palate pillar due to right glossopharyngeal/vagus paralysis 
(iX, X cranial nerves) and atrophy of the right trapezius 
and sternocleidomastoid.72 the authors assume that the 
cranial nerves iX to Xii were damaged in the mandibular 
retrocondylar-peripharyngeal space due to accidental slid-
ing back of the U-shaped soft padding around the face in-
tended to protect it from skin ulcerations or, alternatively, 
because of neck hyperextension during neck repositioning 
every 2 hours as per protocol.72 decavel et al. assume that 
mechanical compression linked to PPV therapy appears to 
be the major factor for lower cranial nerve palsies.35

Edema

Edema is defined as a pathological accumulation of fluid 
in the interstitium. the etiology is manifold. Edema de-
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tients treated in pp.68 in two case reports listed in table i, an 
increase in intraocular pressure potentially led to acute isch-
emic optic neuropathy (ioN) and thus to loss of vision.58, 61 
a possible explanation for the development of vision loss 
in ioN could be an increase in iop that leads to a decline in 
ocular perfusion pressure – defined as mean arterial pressure 
(Map) minus iop in mmhg – which may ultimately result 
in insufficient blood supply to the optic nerve.83

Short-term complications during PPV-treatment/adverse 
events

Numerous short-term PP sequelae appear in the reviewed 
publications. Vomiting,15, 29, 53 nasogastric pump infusion,29 
endotracheal tube related complications,2 hypoxemia,2, 53 
transient blood pressure decrease in patients under vasoac-
tive drugs,53 central venous catheter dislodgement,53 selec-
tive endotracheal intubation and barotrauma,53 endotrache-
al extubation,53 sinus drain dislodgement,53 enteral nutrition 
discontinuation,53 displacement of the respiratory device,53 
increase in gastric residue,53 cardiac arrest,55 displacement 
of urinary bladder catheter and nasogastric feeding tube,55 
kinking of endotracheal tube,55 kinking of thoracic drain.55 
in the lying patient, an intracranial pressure between 10 
mmhg and 15 mmhg is physiological.88 Guerin et al. and 
l’her et al. both reported a possible transient intracranial 
pressure increase (icp) during treatment in pp.2, 53

Discussion

Especially in the last two years, during the coVid-19 
pandemic, many articles have focused on sequelae after 
PPV. Our review confirms that 31 of the 59 included stud-
ies have emerged since 2020. our research has shown that 
the majority of existing studies addressing long-term com-
plications of pp are case reports (32), with one additional 
interview and retrospective studies (9). by virtue of their 
designs, these studies are valuable in demonstrating the 
relevance, variance and frequency of PP sequelae. How-
ever, (given the nature of their data), it is hardly possible 
to derive any therapeutic standards from them, i.e., to de-
termine the viability/efficacy of therapeutic measures, their 
(required) frequency, and their importance in the follow-
up of long-term pp complications. this review provides 
a comprehensive overview of all long-term consequences 
after PP. PS and nerve lesions are particularly frequently 
observed. luchnini et al. also focus on ps and peripheral 
nerve injuries as long-term complications caused by ppV.21 
Considering the consequences, the question arises what 
impact these have on rehabilitation and what knowledge 

gait.48 herridge et al. evaluated ards survivors 3, 6 and 
12 months after their icu discharge, at each stage submit-
ting patients to a physical examination and a standardized 
6-minute walk test with continuous oximetry as well as 
having them complete the sf-36.82 at the time of discharge 
from the icu, patients who survived ards were severely 
wasted and had lost 18% of their base-line body weight. 
71% of patients (59 of 83) returned to their base-line weight 
by one year.82 all patients reported poor function, which 
the authors attributed to the loss of muscle bulk, proximal 
weakness and fatigue; 12% suffered marked and persistent 
pain at the sites of insertion of chest tubes; 7% showed 
entrapment neuropathies; 5% sustained enlargement and 
immobility of large joints as a result of heterotopic ossi-
fication; 4% experienced contractured fingers or frozen 
shoulders due to immobility during their stay in the icu.82 
Exercise limitations were attributed to global muscle wast-
ing and weakness, foot drop due to entrapment syndromes 
that began in the icu, immobility of large joints as a result 
of heterotopic ossification, and dyspnea.82 12 months after 
icu discharge, only 49 percent of the evaluated ards sur-
vivors had returned to work. Patients who had not returned 
to work stated the following reasons: persistent fatigue and 
weakness, poor functional status as a result of foot drop 
and immobility of large joints, work-related stress, volun-
tary retirement, and job retraining.82

Ocular complications

Whilst PP is known to improve ventilation-perfusion mis-
match, it may also cause or potentiate an array of devastat-
ing ocular complications, including ocular injury, exposure 
keratopathy, conjunctival chemosis, acute angle closure, 
ischemic optic neuropathy, orbital compartment syndrome 
and vascular occlusions.83 some studies describe ocular 
complications like conjunctival hemorrhage2, 55 and an in-
crease in intraocular pressure (iop).68 subconjunctival 
hemorrhage emerges due to ruptured small blood vessels in 
the space between episcleral and conjunctiva, resulting in 
ocular redness but not in visual impairment.84 during pp, di-
rect pressure on orbits can result in trauma which is a possi-
ble cause for the development of conjunctival hemorrhage.85 
the development of chemosis in patients treated in prone 
position can be explained on the one hand by gravitational 
causes of increased hydrostatic pressure and, on the other, by 
compromised venous return from the ocular structures as a 
result of positive pressure ventilation escalating positive end 
expiratory pressure, or of tight endotrachial tube taping.86 
an iop between 11 and 21 mmhg is considered normal.87 
saran et al. found a significant increase in IOP in ARDS pa-
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mated, particularly regarding their long-term effects. thus, 
the possibility of a change in health condition caused by 
prone positioning-related consequences should be included 
in treatment planning. Early recording of a patient’s health 
condition after pp may be fundamental to assess the need 
for rehabilitation (according to the International Classifica-
tion of functioning, disability and health [icf]). Numer-
ous possible functional disorders can lead to a change in 
body structures and/or body functions and are a prerequi-
site for the use of the icf and assessment for follow-up 
care.90 davidson et al. reported statistically significant re-
ductions in 7 of 8 sf-36 domains following pp, which were 
mainly physical functioning, role-physical, general health, 
social functioning and mental health.34 this recording of 
limitations in the sense of the icf can be particularly useful 
in determining a need for rehabilitation. Generally, ocular 
complications do not directly impact acute or postacute re-
habilitation. Nevertheless, they may frustrate the discharge 
from acute hospital, for example due to a need for oph-
thalmological care. Due to the number and frequency of 
long-term PP sequelae reported in the reviewed studies, the 
following points are important in follow-up care:

• in any stage of treatment after pp, a head-to-toe ex-
amination by the supervising staff should identify possible 
sequelae to integrate them into treatment planning;

• providing “feedback” on PP consequences to the 
treating staff (physicians, therapists, nurses) of the pres-
tation/ICU for improvement of positioning techniques, 
treatment optimization and prophylaxis (regular training 
and retraining);

can be gained for follow-up care. ps after pp are particu-
larly common and identified in 33 of the included studies. 
specialties caring for coVid-19 survivors having under-
gone pp should be vigilant in the inspection of face and an-
terior body skin, as well as in the examination of the upper 
and lower extremities, to identify and treat potential pres-
sure and nerve injuries. Neurologic symptoms (mainly pe-
ripheral nerve lesions) were identified as sequelae in 17 of 
the included studies. ps treatment consists in suppressing 
the pressure point on the wound due to mobilization, de-
bridement of necrotic tissue, and secondary wound healing 
with paraffin gauze dressing or alginate in case of abundant 
wound exudate.14 ps can be a reservoir for bacteremia and 
should therefore be managed with care if wound healing is 
impaired.89 over time, facial ps can be responsible for un-
sightly scars, hyperpigmentation or keloid scars, and may 
require additional procedures. Furthermore, their long-term 
consequences need to be evaluated.29 ps are already im-
portant in intensive care treatment but may persist and re-
quire continuing care in rehabilitation. Low-grade PS have 
less serious consequences, and only few patients may need 
special care or treatment. in the event of pu-related com-
plications, early treatment can contribute to full skin recov-
ery.21, 65 Neurological symptoms (mainly peripheral nerve 
lesions) are identified in 17 of the included studies. Thus, 
peripheral nerve injury appears to be a relevant disabling 
complication of pp. therapeutic measures should be imple-
mented as early as possible.41 compressive neuropathies 
can be debilitating and achieving maximal healing may be 
a long process. pp complications should not be underesti-

Table II.—� Learning points for treating PP sequelae.
PP-sequelae that can already be treated in ICU PP-Sequelae that may persist and are relevant in follow-up care 

(rehabilitation)
Edema.
pressure sores/pressure injury.
Nerve injuries (upper/lower extremity).
ocular complications.
lower cranial nerves paralysis.

pressure sores/pressure injury.
Nerve injuries (upper/lower extremity).
plexopathy.
Meralgia paresthetica.
lower cranial nerves paralysis.
ocular complications.
Health-related quality of life reduction.
Impaired mobility and work ability.

treatment options treatment options
Early mobilization.
physical therapies.
Manual lymphatic drainage (e.g., head/face/neck edema).
speech and swallowing therapy.
Nutritional counseling.

Early mobilization.
physical therapies.
Manual lymphatic drainage (edema-induced headaches).
compression bandaging.
falls prophylaxis (e.g. vision loss, nerve lesion).
speech and swallowing therapy.
Nutritional counseling.
occupational therapy.
Aid supply (supplying testing and fitting of aids).
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sociated sequelae can influence the course of rehabilita-
tion and play an important role in diagnosis, treatment and 
therapeutic measures.
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