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Abstract
Background

Extremity ischaemia is a rare but disabling complication of sepsis. Owing to the low incidence rate, data
concerning the causes of extremity ischaemia among septic shock patients are lacking. The aim of this
study was to explore the risk factors for extremity ischaemia in septic shock patients.

Methods

This retrospective study included patients who were diagnosed with septic shock according to the Sepsis
3.0 criteria from January 1, 2023, to June 30, 2024. The patients’ demographic characteristics, laboratory
test results and records of vasopressor use were collected. Logistic regression was used to identify the
independent risk factors for extremity ischaemia among septic shock patients. The results of the regression
analysis are shown as adjusted odds ratios (aORs) and 95% confidence intervals (Cls).

Results

The final analysis included 639 patients (median age: 73 years; 194 females), among whom 86 experienced
extremity ischaemia, resulting in an incidence rate of 13.5%. Symmetrical peripheral gangrene was identified
in 34 patients, corresponding to an incidence rate of 5.3%. In the multivariate analysis, age (aOR 1.026, 95%
Cl: 1.004-1.048; p = 0.018), international normalized ratio (INR) (aOR 1.134, 95% CI: 1.013-1.269; p = 0.029),
acute physiology and chronic health evaluation Il (APACHE Il) score (aOR 1.034,95% CI: 1.005-1.065; p =
0.021), agranulocytosis (aOR 2.543, 95% Cl: 1.506-4.293; p < 0.001), maximum norepinephrine dosage (aOR
1.190, 95% CI: 1.033-1.372; p = 0.016) and combination vasopressor therapy (aOR 2.927,95% CI: 1.778-
4.820; p<0.0017) were independent risk factors for extremity ischaemia in septic shock patients.

Conclusions

Certain risk factors, including norepinephrine dosage, agranulocytosis, and combination vasopressor
therapy, contributed to the development of extremity ischaemia. Improved blood pressure management and
early recognition and removal of underlying causes are crucial for arresting the development of extremity
ischaemia.

IINTRODUCTION

Sepsis is a life-threatening response to infection[1]. It affects millions of individuals worldwide annually and
results in devastating complications[2].

Extremity ischaemia is known as symmetrical peripheral gangrene (SPG) and is characterized by distal
ischaemia affecting two or more extremities without the occlusion of large vessels or vasculitis|3, 4].
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Although rare, it is a disabling complication that affects approximately 1.6% to 8% of patients with septic
shock, with 0.2% to 0.8% of these patients ultimately requiring surgical amputation [5-7]. Various infective
and noninfective factors contribute to the development of SPG, which has a high mortality rate of 35% and
frequently occurs in the context of disseminated intravascular coagulation (DIC) and liver shock, often
secondary to sepsis and trauma[8-10]. The pathophysiology of ischaemia of the extremities remains
uncertain, but it is presumed to be intricately linked to three primary factors: DIC, shock and natural
anticoagulant depletion[11]. Disruption of the procoagulant—anticoagulant balance caused by DIC,
combined with the persistent low-flow state induced by shock and natural anticoagulant depletion, leads to
the formation of microthrombi in blood vessels[11-13].

Apart from known risk factors (such as vasopressor use, arterial line placement, elevated serum lactate
levels, and bacteraemia), other factors can lead to the development of SPG since only a minority of patients
with DIC and shock develop SPG[5, 14, 15]. Hence, given the high risk of disability associated with this
condition, we conducted a retrospective study to not only provide additional data on this topic but also
provide guidance on the prompt recognition and early identification of the underlying causes of the
condition to ultimately assist in the prevention of this life-threatening complication and the prevention of
limb loss.

MATERIALS AND METHODS
STUDY DESIGN AND PATIENTS

For this retrospective study, the medical records of patients diagnosed with extremity ischaemia after septic
shock at Chengdu Fifth People's Hospital, Chengdu, China, from January 1, 2023, to June 30, 2024, were
reviewed. All the patients with septic shock who met the International Consensus Criteria for Sepsis-3 were
included in the study[1]. Extremity ischaemia was defined as the acute onset of ischaemia, with
manifestations that included cold skin, bluish discolouration, acrocyanosis, and SPG[16-19]. Patients with
the following conditions were excluded: extremity ischaemia due to diabetes, vascular disease and
infection; age less than 18 years; pregnancy; and extremity ischaemia before admission. All information,
including demographic characteristics, laboratory test results and use of vasopressors, was gathered for
each patient. This study was approved by the Medical Ethics Committee for Clinical Studies of Chengdu
Fifth People's Hospital and was conducted in adherence with the Declaration of Helsinki.

STATISTICAL ANALYSIS

All data were analysed with IBM SPSS statistics version 22.0 software (IBM SPSS, Armonk, NY, USA).
Categorical variables were compared by Pearson’s X2 test or Fisher’s exact test when appropriate. Normally
distributed and nonnormally distributed continuous variables are presented as the means + SDs and
medians and quartiles [M (Q1, Q3)], respectively. Differences between the groups were compared by t tests
and Mann—-Whitney U tests. Logistic regression was used for univariate and multivariate analyses. Variables
with a p value < 0.05 in the univariate analysis were included in the subsequent multivariate analysis based
on logistic regression. All p values < 0.05 were considered to indicate statistical significance. The results of
the regression analysis are presented as adjusted odds ratios (aORs) and 95% confidence intervals (Cls).
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RESULTS

From January 1, 2023, to June 30, 2024, we identified 661 patients with septic shock, among whom 108 had
extremity ischaemia (El). After 22 patients (12 with preadmission extremity ischaemia, 9 with diabetes, and
1 with arterial occlusion) were excluded, 86 patients were included in the EI group. The demographic and
basic characteristics of the 639 patients with septic shock are displayed in Table 1, with an incidence rate of
13.5% (86/639) for extremity ischaemia. Among these, 34 patients experienced gangrene, resulting in an
incidence rate of 5.3% (34/639). The median age of the septic shock patients was 73 years (interquartile
range [IQR], 65-81), with a predominance of male patients. The most common comorbidity was
hypertension, affecting 47.9% of the patients. Patients who developed extremity ischaemia had a higher
mortality rate (68.6%; 59/86) than patients without extremity ischaemia did (55%; 304/553).
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Table 1

The demographic and clinical characteristics of patients with sepsis shock

variable

Age, year
Sex, female
Comorbidities

Diabetes

hypotension

CKD

Cancer

COPD

CAHD

Liver disease

Cerebral stoke

Laboratory test
AST

ALT

Albumin

APTT

PT

D-dimer

INR

Cer

Lactate

Total
(n=639)
73(65,81)
194

210

306

55

120

136

67

41
80

145(72,431)

119.5(66,285.75)

24.2(21.95,25.9)
50.9(40.02,65.8)
18.4(16.1,22.1)
16(8.1,30.9)
1.53(1.34,1.83)

25.63(15.16,43.73)

5.9(4.110.6)

El group
(n=86)
77.5(68, 84)
27

29
35
12
20

21

12
12

110(50,281)
144(71.8,548)
24.5(21.8,26.6)
52.2(42.8,72.6)
20(17.4,23.6)
19.7(6,42.2)
1.67(1.46,1.96)
22.9(14.5,30.5)
6.75(4.48,11)

Non-El group
(n=553)
73(65, 81)
167

181
271
43
100
115
55

36
68

122(69,289)
147(72,424)
24.1(22.25.8)
50.7(40,63.6)
18.1(16.1,21.7)
15.8(8.3,29.8)
1.5(1.32,1.8)
26.5(15.3,45.1)
5.8(4,10.5)

statistics

Z2=0.193
Z=1.820
Z=0.737
Z=1.438
Z2=2712
Z=0.937
Z=3.108
Z=2.330
Z=1.091

0.016*
0.822

0.856

0.151

0.057

0.253

0.445

0.259

0.806
0.666

0.847
0.069
0.461
0.150
0.007*
0.349
0.002*
0.020*
0.275

Abbreviations: CKD: chronic kidney disease; CAHD: coronary atherosclerotic heart disease; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; APTT: activated partial thromboplastin time; PT:
prothrombin time; INR: international normalized ratio; Ccr: creatinine clearance rate; CRP: C-reactive
protein; VA: vasoconstriction agent; NE: norepinephrine
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variable

Na
CRP
Platelet

Agranulocytosis

APACHE Il

Hypothermia

NE dose max

VA combination

NE day
Ventilation day
Hospitalization

Mortality

Total

(n=639)
151.1(146.95,159)
237(151,280.6)
60(25,99.5)

141

29(22,34)
84

0.741(0.364,1.67)
194

3(2,6)
6(2,13)
12(6,19)
363

El group

(n=86)
150.8(146.9,159)
235.5(151,283.3)
49.5(24.8,87.5)
32

32.5(22.8,38)
21

1.24(0.51,2.45)
43

3(2,5.25)
5(3,14)
11(4,20)
59

Non-El group
(n=553)
151.2(146.9,159.2)
238.5(151,280)
62(25,101)

99

29(22,34)
63

0.67(0.36,1.55)
157

4(2,6)
6(2,13)
12(6,19)
304

statistics

Z=0.082
Z=0.208
Z=1.073

X2 =
57.827

Z=3.469
X2=
17.022
Z=3.017

X2 =
18.130

Z=1.719
Z=0.442
Z=0.836

X2 =
5.637

0.935
0.835
0.283

<
0.001*
<
0.001*

<
0.001*
0.003*

<
0.001*
0.086
0.658
0.403
0.018*

Abbreviations: CKD: chronic kidney disease; CAHD: coronary atherosclerotic heart disease; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; APTT: activated partial thromboplastin time; PT:
prothrombin time; INR: international normalized ratio; Ccr: creatinine clearance rate; CRP: C-reactive
protein; VA: vasoconstriction agent; NE: norepinephrine

All patients were categorized into the El group or the non-El group according to whether they had extremity
ischaemia. Differences in demographics, laboratory test results and use of vasopressors between the
groups are summarized in Table 2. The univariate analysis revealed that compared with the non-El group,
the El group had a greater mean age (77.5 years vs. 73 years; OR 1.022, 95% CI: 1.003-1.042; p = 0.022),
higher D-dimer levels (19.7 mg/l vs. 15.8 mg/l; OR 1.007, 95% CI: 1.014; p = 0.040), higher international
normalized ratios (INRs) (1.67 vs. 1.5; OR 1.156, 95% CI: 1.033-1.294; p =0.011), higher acute physiology
and chronic health evaluation Il (APACHE Il) scores (32.5 score vs. 29 score; OR 1.046, 95% Cl: 1.019-1.073;
p =0.001), greater maximum norepinephrine (NE) dosages (1.24 mg/kg/min vs. 0.67 mg/kg/min; OR 1.266,
95% Cl: 1.112-1.021; p< 0.001), a higher incidence of hypothermia (21/86 [24.4%] vs. 63/553 [11.4%]; OR
2.513,95% Cl: 1.439-4.388; p = 0.001), a higher incidence of agranulocytosis (32/86 [37.2%] vs. 99/553

[17.9%]; OR 1.046 2.718,95% Cl: 1.668-4.428; p < 0.001), a greater percentage of patients receiving

combination vasopressor therapy (43/86 [50.0%] vs. 43/553 [7.8%]; OR 2.978, 95% CI: 1.872-4.438; p <
0.001)), and poorer creatinine clearance (22.9 ml/min vs. 26.5 ml/min; OR 0.985, 95% CI: 0.973-0.997; p =
0.013). The rate of diabetes, duration of vasoconstrictor agent use, platelet counts, liver function, and
duration of ventilation were comparable between the two groups.
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Table 2

Univariate analysis and multivariate analysis of risk factors associated with the incidence of extremity
ischemia of sepsis shock patients

variable

Age, year

Sex, female
Comorbidities
Diabetes
Hypertention
CKD

Cancer

COPD

CAHD

Liver disease
Cerebral stoke
Laboratory test
AST

ALT

Albumin
APTT

PT

D-dimer

INR

Cer

Lac

NA

CRP

Platelet

Univariate logistic regression

OR (95% Cl)
1.022(1.003 ~ 1.042)
0.945(0.579 ~ 1.544)

1.046(0.646 ~ 1.692
0.714(0.450 ~ 1.133
1.923(0.970 ~ 3.815
1.373(0.796 ~ 2.368

)
)
)
)
1.231(0.722 ~ 2.097)
1.468(0.751 ~ 2.871)
0.886(0.338 ~ 2.325)

)

1.157(0.597 ~ 2.239

1.000(1.000 ~ 1.000)
1.000(0.999 ~ 1.000)
1.013(0.945 ~ 1.085)
1.003(0.998 ~ 1.008)
1.009(0.996 ~ 1.021)

1.156(1.033 ~ 1.294)
0.985(0.973 ~ 0.997)
1.022(0.969 ~ 1.078)
0.996(0.971 ~ 1.021)

(

(

(

(

(

1.007(1.000 ~ 1.014)

(

(

(

(

1.000(0.997 ~ 1.003
(

)
0.999(0.995 ~ 1.003)

Multivariate logistic regression
P aOR (95% Cl) P
0.022* 1.026(1.004 ~ 1.048) 0.018*
0.822

0.856
0.153
0.061
0.255
0.446
0.262
0.807
0.666

0.461
0.272
0.725
0.214
0.183
0.040* 1.006(0.998 ~ 1.013) 0.135
0.011* 1.134(1.013 ~ 1.269) 0.029*
0.013* 0.996(0.982 ~ 1.009) 0.552
0.426
0.741
0.951
0.687

Abbreviations: CKD: chronic kidney disease; CAHD: coronary atherosclerotic heart disease; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; APTT: activated partial thromboplastin time; PT:
prothrombin time; INR: international normalized ratio; Ccr: creatinine clearance rate; Lac: lactic acid;
CRP: C-reactive protein; NE: norepinephrine
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variable Univariate logistic regression Multivariate logistic regression

OR (95% Cl) P aOR (95% ClI) P

Agranulocytosis 2.718(1.668 ~ 4.428) 0.000* 2.543(1506 ~ 4.293) 0.000*
APACHE II 1.046(1.019 ~ 1.073) 0.001* 1.034(1.005 ~ 1.065) 0.021*
Hypothermia 2.513(1.439 ~ 4.388) 0.001* 1.576(0.846 ~ 2.933) 0.152
NE dose max 1.266(1.112 ~ 1.021) 0.000* 1.190(1.033 ~ 1.372) 0.016*
VA combination 2.662(1.667 ~ 4.227) 0.000* 2.927(1.778 ~ 4.820) 0.000*
NE day 0.956(0.894 ~ 1.021) 0.178

Ventilation day 1.017(0.995 ~ 1.039) 0.129

Hospitalization 1.006(0.989 ~ 1.024) 0.486

Abbreviations: CKD: chronic kidney disease; CAHD: coronary atherosclerotic heart disease; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; APTT: activated partial thromboplastin time; PT:
prothrombin time; INR: international normalized ratio; Ccr: creatinine clearance rate; Lac: lactic acid;
CRP: C-reactive protein; NE: norepinephrine

In the multivariate analysis, age (aOR 1.026; 95% CI: 1.004-1.048; p = 0.018), INR (aOR 1.134, 95% CI:
1.013-1.269; p = 0.029), APACHE Il score (aOR 1.034, 95% Cl: 1.005-1.065; p = 0.021), agranulocytosis
(aOR 2.543,95% CI: 1.506—4.293; p < 0.001), maximum NE dosage (aOR 1.190, 95% CI: 1.033-1.372; p =
0.016) and combination vasopressor therapy (aOR 2.927,95% Cl: 1.778-4.820; p < 0.001) were identified as
independent risk factors for extremity ischaemia in septic shock patients (Table 2).

DISCUSSION

Our analysis of 86 patients with extremity ischaemia revealed that although the duration of NE was not
significantly associated with extremity ischaemia, the dosage of NE and combination vasopressor therapy
significantly contributed to the development of extremity ischaemia. Age, INR, and agranulocytosis are also
risk factors for SPG. The APACHE Il score can also predict the incidence of SPG.

Furthermore, septic shock (or the initiation of NE) occurs a median of 3 days before SPG occurs[11, 20].
Theoretically, the duration of NE and the development of SPG may be correlated to some extent. However, a
matched case—control study revealed that the duration of vasopressor usage has no effect on the
occurrence of SPG[14]. Several studies further revealed that the time between the start of vasopressor
therapy and the onset of limb ischemic necrosis is associated with a time-dependent decrease in natural
anticoagulants synthesized by the liver[13, 20].

The maximum vasopressor dose and duration are not mentioned in consensus recommendations or the
Survival Sepsis Campaign guidelines[21]. The role of vasopressors in septic shock patients with extremity
ischaemia is controversial. Jerrold H conducted a meta-analysis and reported that there is no evidence to
support that ischaemic limb necrosis is a complication of high-dose vasopressor therapy and that its
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incidence cannot be accurately estimated in this high-risk population[22]. Theoretically, the use of
vasopressors can contribute to extremity ischaemia, as they can induce a persistent low-flow state by
activating alpha-adrenergic receptors that restrict the delivery of oxygen and nutrients[23]. Numerous
studies, including the present work, have corroborated this assertion. The use of vasopressors (such as NE,
dopamine, and epinephrine) is most frequently attributed to the occurrence of SPG, with phenylephrine and
NE being the most frequently noted[14, 15]. Specifically, doses exceeding 0.5 mcg/kg/min are associated
with ischaemic necrosis of the limbs and digits[7]. Furthermore, higher dosages are associated with a
higher risk of amputation[5]. The primary approach to managing vasopressor-related extremity ischaemia
involves reducing the dosage of the vasopressor according to individual tolerances[24].

During sepsis, both the immune system and coagulation system are activated, resulting in the transition of
endothelial cells from anticoagulant states to procoagulant states[25]. A prolonged INR indicates the
consumption of clotting factors and serves as a critical criterion for evaluating DIC[26]. The coagulopathy
associated with sepsis results from the interplay between the immune system and coagulation system,
which facilitates the formation of extensive thrombi in the microvasculature[9, 27]. While this response can
help contain infections, it also damages endothelial cells and obstructs blood flow.

Neutrophils are pivotal in the immune response against invading pathogens. However, in patients with
neutropenia and agranulocytosis, neutrophil functions[28] such as extracellular trap formation,
phagocytosis, and degranulation are compromised. Consequently, invading bacteria cannot be effectively
captured or eliminated in the circulation, leading to persistent damage to endothelial and tissue cells[29].

Microvascular endothelial dysfunction and microangiopathy, which arise from insulin resistance and
unstable glucose levels or hyperglycaemia, render diabetes a risk factor for peripheral vascular disease[30,
31]. However, in our study, diabetes was not linked to the onset of ischaemia. These findings suggest that
even patients without complicating risk factors remain susceptible to ischaemia in the context of infection.

Evidence-based recommendations for the treatment of limb ischaemia are limited. The management of
underlying causes and the maintenance of haemodynamic stability are widely accepted practices. Various
therapeutic interventions, including epoprostenol[32], sympathetic blockades[33], vasodilators,
nitroglycerin[34], hyperbaric oxygen, and heparin[35], have been reported. However, most of these therapies
are tailored to the individual, thus robust evidence of their efficacy is lacking. Additionally, early recognition
and prompt management of sepsis are critical for preventing extremity ischaemia.

This study has several limitations. First, this was a single-centre retrospective study, thus the applicability of
our findings to other populations is limited. Furthermore, owing to the retrospective nature of the study,
some data, such as the percentage of patients with DIC, SOFA scores, and the duration of low perfusion,
were not included because of objective reasons, such as limitations of the medical records system;
however, we included indicators related to coagulation function, such as the APACHE Il score, to reduce
bias.

CONCLUSION

Page 9/14



Extremity ischaemia is an uncommon complication among septic shock patients, and the high risk of
amputation is associated with a high mortality rate. Certain risk factors, including norepinephrine dosage,
agranulocytosis and combination vasopressor therapy, contributed to the development of extremity
ischaemia. Since there is still no effective treatment for extremity ischaemia, improved blood pressure
management and early recognition and removal of underlying causes are crucial for arresting the
development of extremity ischaemia. Further clinical trials on therapy are warranted to improve the
prognosis of sepsis patients at risk of extremity ischaemia.

Abbreviations

SPG
Symmetrical peripheral gangrene
DIC
Disseminated intravascular coagulation
aORs
Adjusted odds ratios
Cis
Confidence intervals
El
Extremity ischaemia
IQR
Interquartile range
CKD
Chronic kidney disease
CAHD
Coronary atherosclerotic heart disease
ALT
Alanine aminotransferase
AST
Aspartate aminotransferase
APTT
Activated partial thromboplastin time
PT
Prothrombin time
INRs
International normalized ratios
Cer
Creatinine clearance rate
CRP
C-reactive protein
VA
vasoconstriction agent
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