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ARTICLE INFO ABSTRACT

Purpose: To assess health-related quality of life (HRQOL) following rehabilitation of amputees suffering symmet-

Keywords: ric peripheral gangrene (SPG) after septic shock.
:‘ESF‘C shock Material and methods: A retrospective cohort study was conducted in nine French specialized rehabilitation cen-
HRac(s)L ters. Thirty-two ICU adult patients hospitalized between 2005 and 2015 for septic shock who additionally pre-

sented with SPG resulting in at least two major amputations were enrolled. HRQOL was assessed by EQ-5D-3 L
questionnaire.
Results: All patients (mean ICU length of stay 39 4 22d, SAPS Il 58 + 18) had both lower limbs amputated and
84% were quadruple amputees. HRQOL, assessed 4.8 + 2.8 years after amputation, was inferior to the French ref-
erence. However, patients' self-rated health status was similar to the reference at the time of HRQOL assessment.
The main factor of impaired HRQOL was intense phantom pain, not the mobility or self-care dimensions of EQ-
5D. All patients except one preferred to be treated again for SPG despite disability.
Conclusion: ICU survivors referred to rehabilitation centers after SPG-related amputations had impaired HRQOL.
At the time of HRQOL assessment, they considered themselves in good health and preferred to be treated again
despite disability. Appraisal of long-term functional outcome should not be used to guide end-of-life decision-
making in this situation.

© 2019 Published by Elsevier Inc.

1. Introduction

Symmetric peripheral gangrene (SPG) is a serious but very rare com-
plication of septic shock. SPG elicits acral necrosis (more frequently in
the distal limbs), while purpura fulminans relates to extensive,
multicentric, non-acral skin necrosis. Both syndromes are generally

Abbreviations: HRQOL, health-related quality of life; SD, standard deviation; SPG, sym-
metric peripheral gangrene; VAS, Visual Analogue Scale.
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mixed. In the 1920's, Shwartzman was the first to report their patholog-
ical features: microthrombi, endothelial cell swelling and necrotizing
neutrophilic vasculitis [1]. However, a century later, understanding of
the pathophysiology is still limited. Currently, the epidemiology of
SPG is poorly understood. One to four-limb amputation is the most fre-
quent outcome of SPG with reported rates of amputation around 90%
[2-4]. Disability can be limited by limb prostheses and several teams
have reported successful rehabilitation and independent functioning,
even in quadruple amputees [5-8]. Recent data suggests impairment
in health-related quality of life (HRQOL) after critical illness and its as-
sessment should always be of paramount interest to patient-centered
care [9]. Besides, physician's self-perception of disability may lead to in-
appropriate decision to withdraw or withhold life-sustaining therapies.
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In this context, our main objective was to assess HRQOL of adult ampu-
tees after severe SPG once rehabilitation was achieved, using a validated
and standardized instrument.

2. Methods
2.1. Study design

There are few specialized tertiary rehabilitation referral centers for
amputees in France (one major rehabilitation center in each region, ex-
cept around Paris). We conducted a retrospective multicenter study by
contacting every referring physician for amputees in each of these refer-
ral centers to identify eligible patients from January 1, 2005 to Decem-
ber 31, 2015. Eligible patients were adults (18 years old or older) who
had undergone two to four-limb amputations related to SPG and re-
quired discharge to a specialized rehabilitation center after ICU hospital-
ization for septic shock. When included, patients had to be using their
final limb prostheses. Exclusion criteria comprised of inability to under-
stand French, amputation of isolated phalanx or toes, one-limb amputa-
tion after necrotizing fasciitis, as well as limb amputations with strong
evidence for an underlying cause for limb ischemia (especially pre-
existing vascular disease or arterial embolism). The referring physicians
were responsible for screening patients (search by keywords in their
patients' database) and for obtaining agreements from eligible patients.
Following which, investigators mailed an information letter and a con-
sent form. If patients mailed back their signed consent form, a unique
investigator (P.L.) contacted them to administer the questionnaire.
The phone call was semi-directive and lasted for about thirty minutes.
The protocol was approved by the French Intensive Care Society's ethi-
cal committee.

2.2. Clinical data collection

The following data from ICU hospitalization reports were collected:
length of ICU stay, infectious agent, site of infection, data regarding
organ dysfunction (acute kidney injury according to the KDIGO defini-
tion [10], disseminated intravascular coagulopathy according to the
ISRH scoring system [11] and acute liver failure (as stated in the hospi-
talization report)) and data regarding the use of supportive therapies
(vasopressor, mechanical ventilation, renal replacement therapy). The
Charlson comorbidity index was calculated and collected. Amputations
were characterized minor or major as follows. Regarding upper limbs,
an amputation was considered minor when only phalanx or fingers
were removed with respect of the metacarpus, otherwise it was consid-
ered major. Regarding lower limbs, an amputation was considered
minor from toes to transmetatarsal amputations, otherwise it was con-
sidered major.

2.3. Questionnaire

HRQOL was assessed by EQ-5D-3 L (EuroQol Research Foundation,
Rotterdam, The Netherlands) [12]. The EQ5D questionnaire consists of
five questions (primary dimensions) about mobility, self-care, usual ac-
tivities, pain/ discomfort, and anxiety/depression, which all have three
possible answers (level 1 “no problems”, level 2 “some problems”,
level 3 “extreme problems”). For each patient, an index of HRQOL
(EQ-5D index) is calculated with respect to the national population co-
efficients (each country has a different formula). This EQ-5D index indi-
cates the preference of being in a certain health state and each country
has its own norms and values for these health states. Additionally, EQ-
5D includes self-reported overall quality of life as a linear 100-point
scale, the Visual Analogue Scale (VAS), where 0 is the worst imaginable
health state and 100 is the best imaginable health state. Patients were
invited to rate their current VAS. We also asked the patients to rate
their global health state before SPG using this VAS. To better explore
the pain/discomfort and anxiety/depression dimensions, we collected

data regarding the use of analgesics, anxiolytics and antidepressant
agents at the time of interview.

Patients of working age were asked to answer questions one and five
of the Work Ability Index: (i) current work ability compared with the life-
time assessed by a visual analogue scale rated from 0 to 10 and (ii) own
prognosis of work ability two years from now with three answers (un-
likely, uncertain, relatively certain) [13].

Home environment was evaluated using the “CONSTANCES”
population-based French epidemiological survey, which explores mari-
tal status (question 76) and the number of people living at home (ques-
tion 77) [14]. Patients were asked if they thought they had strong
support and helpful close circle (relatives and friends).

Finally, we asked patients if they would be willing to be treated again
for symmetric peripheral gangrene.

24. Statistical analysis

Continuous data are reported as mean + standard deviation (SD)
and categorical data are reported as frequencies and percentages.
The association between HRQOL variables was evaluated by use of a
Pearson correlation analysis. Between-group differences were assessed
by Chi-square test for categorical data. All statistical tests were two-
sided, and a p value <.05 was considered to indicate statistical
significance.

3. Results
3.1. Population

In 2016, 13 tertiary rehabilitation centers were contacted, out of
which nine agreed to participate. Sixty-one eligible patients were
identified. Each center identified between 2 and 5 patients. One center
(Institut Robert Merle, Valenton, France) identified 31 eligible pa-
tients. Among the 61 eligible patients, one was dead at the time of
the study, two withheld participation and 26 were lost to follow up
(24 wrong mail addresses and no contact with the rehabilitation cen-
ter for months or years, 2 consent forms never mailed back despite
dunning letters; most of these patients were from foreign countries).
Thirty-two patients consented to participate and were phoned for
questionnaire administration in 2017, while 29 ICU reports were
available (Fig. 1).

61 eligible patients
contacted by rehabilitation physicians

29 excluded

- 1 deceased

« 2 withheld consent

A + 26 lost to follow-up
32 included for

HRQOL assessment

A 4

29 with full ICU files

Fig. 1. Flow chart of included patients.
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3.2. Patients' characteristics during ICU hospitalization

Demographic and medical features at the onset of the critical illness
were available for 29 patients and are detailed in Table 1. Specific data
about organ failures and supportive therapies were available for 27/29
patients from the ICU hospitalization reports. All of them except one
were mechanically ventilated, all received vasopressors, and all had
acute kidney injury, of whom 78% underwent renal replacement ther-
apy. One patient required veno-arterial extra-corporeal membrane oxy-
genation. Disseminated intravascular coagulation was reported for 24
(89%) patients while data were missing for the three remaining pa-
tients. Thrombocytopenia was lower than 20 G/L in fifteen (56%) pa-
tients. Five patients (15%) had acquired immunosuppressive co-
morbidities: HIV without AIDS (n = 2), splenectomy (n = 1), immuno-
suppressive therapy (n = 2). Full list of comorbidities is available in
Table 2.

A microorganism was identified in 27/29 (84%) ICU reports which
detailed culture findings. Streptococcus species (Pneumococcus and
group A Streptococcus) were the main responsible microorganisms
(10/29, 34%), followed by Neisseria meningitidis (7/29, 24%), Escherichia
coli (5/29,17%) and Staphylococcus species (3/29, 10%). The main sites of
infection were meninges (10/29, 34%), lung (6/29, 21%), urinary tract
(5/29, 17%) and skin and soft tissues (3/29, 10%).

3.3. HRQOL

The questionnaire was administered to 32 patients (19/13, f/m),
aged 57 (£17) years old. HRQOL was evaluated after a mean follow-
up of 4.8 4 2.8 years (time from ICU discharge). All patients lived at
home and a majority of them (n = 19, 59%,) lived with a partner. All pa-
tients but one (who lived alone) qualified their social and family envi-
ronment as excellent (i.e. easily available for any help). Eighteen (56%)
had home-based services (private duty nurse and/or assistant nurse
and/or maid).

All patients had both lower limbs amputated. Four of them (13%)
had no >2 limbs amputated, 1 (3%) had 3 and 27 (84%) had 4 limbs am-
putation. Regarding upper limbs, 6 (19%) patients had two major ampu-
tations and 3 (9%) had one major amputation. The main lower limb
amputation level was transtibial; only one patient underwent
transfemoral amputation.

Twenty patients (63%) were retired or declared disabled by the
French National Health Insurance. Among the 12 remaining patients, 3
(9%) were currently working (one as managing director and two as of-
fice clerks), six (18%) hoped they would work in the next two years and
3 (9%) considered that going back to work was unlikely or relatively
uncertain.

The EQ-5D index relative to age groups was always lower than the
reference for the French population except for patients aged

Table 1
Demographic data, severity of illness and organ failures of the study population.
Variable Value
Age, years 53 +
17°
Charlson comorbidity Index 2427
ICU length of stay, days 39+
22°
Simplified Acute Physiology Score II 58 +
18*
Invasive Mechanical Ventilation (n, yes/no/missing data) 26/1/5
Vasopressors (n, yes/no/missing data) 27/0/5
Renal Replacement Therapy for acute kidney injury (n, yes/no/missing  21/6/5
data)
Liver Dysfunction (n, yes/no/missing data) 9/18/5
Disseminated Intravascular Coagulation (n, yes/no/missing data) 24/0/8

Mean + standard deviation; ICU: Intensive care unit.
@ Refers to 29 patients with ICU hospitalization report available.

Table 2
Associated comorbidities at the onset of SPG.

Comorbidity Number (%), N = 32
None 8 (25%)
Hypertension 8 (25%)
HIV (without AIDS) 2 (6%)
Autoimmune disorder 4 (12%)
Solid cancer in remission 5 (15%)
Hematologic malignancies in remission 2 (6%)
Immunosuppressive therapy 2 (6%)
Chronic heart failure 4 (12%)
COPD 2 (6%)
Diabetes 1(3%)

HIV: Human immunodeficiency virus, AIDS: acquired immune deficiency syndrome,
COPD: chronic obstructive pulmonary disease.

25-34 years old (Fig. 2). Regarding self-assessment of health state,
VAS before gangrene was higher than the French population reference
relative to age group, whereas VAS after gangrene tended to be equal
or lower to the reference (Fig. 3). When comparing the before-after dif-
ference within the study population, VAS rating was significantly lower
after gangrene (AVAS = —22 4 23 p <.01). Correlation was weak be-
tween values of current VAS and EQ index (R = 0.43, p < 0,05).

The number of “some problems” and “extreme problems” ratings in-
creased with ageing, as observed in the general population (e-Table 1).
However, despite lower limbs amputations, no patient reported being
bedridden. Seventeen patients (53%) had some problems in their
usual activities and 10 (31%) in self-care. Anxiety or depression were
graded “no problems” by 21 (66%) and “extreme problems” by only 2
patients. Among the total 160 rating values, 18 (11%) were “extreme
problems” and half of these ratings were related to “pain/discomfort”.
Fifteen patients (47%) chronically used analgesics; among them 8
(25%) also used anxiolytics/antidepressants. There was a statistically
significant association between the use of analgesics and anxiolytics/an-
tidepressants (p = .006). Fourteen (44%) used neither painkillers nor
anxiolytic/antidepressants.

Patients were finally asked if they willed to be treated again for SPG.
All but one answered yes (31/32, 97%).

4. Discussion

Herein we provide the results of the largest study aiming to evaluate
long-term HRQOL in adult amputees who survived sepsis-induced SPG.
We used a validated and standardized instrument. Our main findings
are: (i) SPG survivors reported impaired HRQOL compared to the French

EQ-5D Index
1.0
0.8
0.6
0.4-
02 -=— French reference
““7 —e~ Study population after SPG
0.0
18-24 25-34 35-44 45-54 55-64 65-74 75y+
No. 2 2 3 5 8 7 5

Fig. 2. Health-related quality of life assessment by the EQ-5D index and comparison with
the French reference population. EQ-5D index was calculated by questionnaire-based
survey after SPG. For each patient, five primary dimensions (mobility, self-care, usual
activities, pain/ discomfort, and anxiety/depression) were explored and graded. No:
number of patients.
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Fig. 3. Health-related quality of life assessment by VAS and comparison with the French
reference population. Self-assessment of HRQOL by visual analogue scale (VAS) (ratings
from O to 100, representing the worst and the best imaginable health states
respectively) before and after the SPG in the study population and comparison with the
French population, by age-groups. No: number of patients; SPG: symmetric peripheral
gangrene.

reference population, (ii) pain was the main driver of HRQOL impair-
ment, (iii) no patient reported being bedridden and (iv) all but one
willed to be treated again despite disability.

Last year, another large French multicenter cohort of purpura
fulminans patients (i.e. the HOPEFUL study) identified 306 patients, of
whom 180 survived during the follow-up period. Fifty-one (28%) were
amputated and the authors were able to evaluate HRQOL in 12 of
these purpura fulminans-related amputated patients [15,16].

However, the question of the acceptability of performing disabling
limb amputations was not part of their questionnaire. We asked this
question and 97% of the patients answered that they would be willing
to be treated again for SPG rather than death. Such observation strongly
argues for very cautious withdrawal of life-sustaining therapies and
therapeutic limitation based on self-perception of disability. As 4 pa-
tients (13%) were over 75 years-old, this could remain true even in el-
derly patients. However, as displayed in Fig. 2, the decline in EQ-5D
index seemed to be more pronounced in older patients than in younger
patients, as illustrated by a larger deviation from the reference popula-
tion for the last two groups (over 65 years old).

Our patients reported a severe impairment of HRQOL, as illustrated
by lower EQ-5D index values than the reference population in each
age group but one. Using another questionnaire (ie. SF-36), the
HOPEFUL investigators also found such a decrease in purpura fulminans
patients, whether amputated or not, when compared to the general
population [15]. HRQOL almost always decreases after critical care
[9,17]. However, based on VAS scores after SPG, they favorably rated
their own health state, which could illustrate how they coped with
their disability. In our study, the mean decrease in VAS was 22 (£23).
By contrast, in patients with severe sepsis a mean decrease of 8 was pre-
viously reported [18]. The general ICU population often has pre-existing
diseases and a pre-existing low HRQOL [19-21]. The suddenness of
acute illness in patients without chronic disease could explain the
drop in VAS we observed. However, as patients a posteriori self-
estimated their HRQOL prior to SPG, there is an obvious bias of memo-
rization which could lead to an overestimation of their baseline VAS.

Lastly, when looking at each dimension of EQ-5D-3 L, we observed
that no patient was bedridden despite multiple amputations. This ob-
servation was also reported by the HOPEFUL investigators [15]. Unex-
pectedly, most “extreme” problems (level 3) were rated in the pain/
discomfort dimension (9 (28%) patients) rather than in the self-care
or mobility dimensions. Applying general population rates to the
study population, only one patient would have declared extreme pain/
discomfort. Significant association between analgesics and

antidepressants use emphasizes the intensity of pain in the study popu-
lation. Phantom pain and prostheses-related pain are well-known
symptoms and a better treatment could improve HRQOL [22-24]. Of
note, more pain was also observed between amputated and non-
amputated patients enrolled in the HOPEFUL study [15].

Our cohort may inaccurately reflect the epidemiology of SPG. First,
we selected severely disabled patients, as two or more limb amputa-
tions were required for inclusion. Recruiting patients from tertiary reha-
bilitation centers likely resulted in the inclusion of the most severe
patients only. >80% had 4-limb amputation, which is higher than previ-
ous reports. For instance, in their mainly pediatric multicenter study fo-
cusing on purpura fulminans, Warner et al observed 26% of quadruple
amputation [4], while Contou et al. reported a median of 3 amputations
[16]. Second, half of eligible patients were lost to follow up. We could
hypothesize that some of these patients could have express poorer
HRQOL or opposite opinions about being treated again for SPG. Third,
in the absence of a dedicated network of rehabilitation centers, some el-
igible patients may have been sent to other hospitals. Last, there was a
bias of memorization because referring physicians screened patients.
In the absence of a specific entry for SPG in the French Health Coding
System and because of the small proportion of SPG patients among all
the amputated patients referred to these rehabilitation centers, the re-
ferring physicians identified the most recent patients more easily. In-
deed, two thirds of the patients were hospitalized after 2010 (i.e.
during the second half of the inclusion period). Such an increase in the
incidence of SPG is unlikely.

5. Conclusion

SPG is a rare complication of septic shock. While keeping in mind the
limitations inherent to the retrospective design, we showed that survi-
vors discharged home after rehabilitation had impaired survey-based
HRQOL while they favorably evaluated their own health state. Residual
pain played a detrimental role in HRQOL. It is likely that pain manage-
ment strategies could further improve HRQOL in this specific popula-
tion. Despite multiple amputations, survivors retrospectively willed to
be treated again. Before withdrawing life-sustaining therapies in such
situations that one could no longer consider worth living, intensivists
should remember that the appraisal of bad or good outcome based on
forthcoming disability may not reflect the patient's future satisfaction
and HRQOL.
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