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Abstract: Background. The use of vasoconstricting agents is an important part of the armament used 

by modern medicine in the treatment of patients suffering from septic shock. Nevertheless, their 

administration is associated with different severities of limb ischemia. The aim of the current study 

was to quantify this adverse outcome of treatment. Methods. This retrospective study analyzed 

patients suffering from septic shock, who were hospitalized in a tertiary medical center. Results. Out 

of 7,160 patients suffering from septic shock that were hospitalized in our medical center over a 

period of 13 years, 4,468 were eligible for analysis. Among them 2,181 received  vasopressor 

treatment, and 2,287 did not. While the rate of in-hospital mortality was higher in the vasopressor 

group (32.3% vs. 27.4%; p < 0.001), as was the incidence of acute kidney injury (28.1% vs. 18.4%; p < 

0.001) and the portion of patients with in-hospital length of stay > 7 days (65.4% vs. 61.5%; p = 0.007), 

there was no significant difference between the rate of in-hospital amputations between the two study 

groups (0.8% vs. 1.1%; p = 0.44). Independent risk factors for amputations include older age and 

preexisting diagnosis of peripheral vascular disease. Conclusion. The use of vasopressors as part of 

the treatment for patients suffering from septic shock does not appear to increase the risk of resultant 

amputations. Nevertheless, advanced age and pre-morbid peripheral vascular disease are associated 

with a higher likelihood of amputation. Our results imply that vasopressor therapy should be guided 

by personalized, pre-morbid patients’ characteristics. 

Keywords: Vasopressors; Amputation; Septic Shock; Noradrenalin; Vasopressin; Limb Ischemia; 

personalized medicine 

 

1. Background 

1.1. The Role of Vasoconstrictor Agents in the Scheme of Septic-Shock Treatment 

Vasoconstriction agents are a pillar in the acute therapeutic management of patients suffering 

from septic shock [1–3]. Nowadays, septic-shock treatment guidelines recommend norepinephrine 

as the first-line choice followed by epinephrine or vasopressin, even before fluid resuscitation is fully 
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completed [4–6]. However, there is no clear evidence that any single drug consistently improves 

microvascular flow in septic-shock patients [7]. Vasopressors such as noradrenalin and vasopressin 

are commonly used to restore hemodynamic stability in the face of very low cardiac output and 

vascular tone in severe septic patients [8–10].  

1.2. Peripheral Limb Ischemia Resulting from Vasoconstrictor Agents 

The literature contains numerous case studies of patients of all ages, who suffered from 

vasopressor-induced acute limb ischemia (VIALI), a condition that endangered patients’ limbs with 

variable measures taken to minimize the damage, e.g., application of local and systemic vasodilator 

agents alongside reduction of vasopressor dosages [11–14]. Oh and Song found that 0.8% of septic 

shock survivors in a South Korean cohort developed peripheral limb ischemia, ultimately leading to 

limb amputations. Certain comorbidities and treatments were associated with an increased risk of 

peripheral gangrene and limb loss [15].  

Several authors have examined the underlying mechanisms of vasoplegia in sepsis and defined 

risk factors associated with VIALI, such as prolonged exposure to vasopressors and the need for 

combination therapy with multiple vasopressor agents [16,17]. A meta-analysis assessing the effects 

and safety of vasopressin receptor agonists compared to catecholamines in septic shock patients 

across 20 randomized controlled trials, suggests that vasopressin use significantly increased the risk 

of digital ischemia [18]. 

1.3. Aim of the Current Study 

The current study aimed to evaluate the adverse clinical outcomes associated with vasopressor 

use in patients with septic shock. Our main aim was the assessment of the potential risk of resulting 

amputations and possibly adding information regarding the option of personalizing the treatment 

amongst this group of critically ill patients.  

2. Methods 

2.1. Ethics Committee Approval 

This research was designed, and executed, in accordance with the Helsinki Declaration. 

Accordingly, it was approved by the Chaim Sheba Medical Center Institutional Review Board (IRB, 

approval # SMC-23-0348).   

2.2. Study Patients 

All adult patients aged 18 years or older who were admitted to the Chaim Sheba Medical Center 

between 2010 and 2023 with a primary diagnosis of septic shock were initially included in the study. 

Patients electronic medical records were approached only after the IRB approved the study and 

waived the need for informed consent due to the retrospective nature of the study. Patients who 

developed sepsis as a complication of treatment for another primary medical condition were 

excluded from the study. Additionally, those with insufficient data or those who were admitted to 

Intensive Care Units (ICUs) were excluded from the analysis in order to focus on patients treated in 

the settings of general-internal medicine departments. The remaining eligible patients were 

categorized into two groups: those who received vasopressor therapy and those who did not. Each  

group was further subdivided based on whether the patient underwent amputation during their 

hospitalization. 

2.3. Statistical Analysis 

Categorical variables were compared between the study groups using a Chi-squared test. We 

then described each categorical variable by showing its prevalence, shown as a percentage (%) out of 

the entire cohort, and of each of the study groups. Continuous numeric variables were tested for 
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normality using the Shapiro-Wilk normality test. A Student's t-test was utilized to compare normally 

distributed variables between the study groups, and when normality was rejected, we conducted a 

Mann–Whitney U test instead. Normally distributed numeric variables are described as the mean ± 

standard deviation (SD), while non-normal variables are described as the median with interquartile 

range (IQR). 

A logistic regression analysis was performed to evaluate the effect of the use of vasopressors on 

the likelihood of limb amputation. Results of the logistic regression analysis are presented as odds 

ratios (ORs) with 95% confidence intervals (CIs) for both univariate and multivariate models, the 

latter adjusting for potential confounders. Statistical significance was determined as a P-value < 0.05. 

All statistical analyses were conducted using R (version 4.3.0, R Foundation for Statistical 

Computing). 

3. Results 

Between 2010 and 2023, a total of 7,160 patients were admitted to the hospital with a primary 

diagnosis of septic shock. Of these, 2,692 patients were excluded due to insufficient data. The 

remaining 4,468 eligible patients were included in the analysis. These patients were classified into 

two groups based on vasopressor therapy: 2,181 received vasopressors, while 2,287 did not. Among 

those patients who received vasopressor therapy, 18 (0.8%) underwent amputation during  

hospitalization, compared to 25 patients (1.1%) in the non-vasopressor group. The patient cohort flow 

is illustrated in a CONSORT flow diagram (Figure 1).  

 

Figure 1. CONSORT flow of study patients. 

Table 1 presents the clinical characteristics of the 4,468 patients included in the study, 

categorized into those who received vasopressors (N = 2,181) and those who did not (N = 2,287). 

Several significant differences were observed between the two groups. In the demographic features, 

the vasopressor group had a higher proportion of male patients (63.5% vs. 57.9%; p < 0.001), while 

the median age was similar between groups (72.7 vs. 73.3 years; p = 0.54). Regarding medical 

background, chronic kidney disease (CKD) was more prevalent in the vasopressor group (49.1% vs. 

43.4%; p < 0.001), whereas the prevalence of congestive heart failure (CHF) (16.9% vs. 15.4%; p = 0.2), 
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diabetes (26.9% vs. 24.5%; p = 0.07), and peripheral vascular disease (5.5% vs. 5.0%; p = 0.52) was 

similar between groups.  

Laboratory findings indicated that patients in the vasopressor group had lower minimal 

albumin levels (2.2 vs. 2.4 g/dL; p < 0.001) and higher creatinine levels both at admission (1.48 vs. 1.35 

mg/dL; p < 0.001) and during hospitalization (2.03 vs. 1.68 mg/dL; p < 0.001), while minimal 

hemoglobin levels remained similar (10.19 vs. 10.1 g/dL; p = 0.17).  

Regarding clinical outcomes, patients in the vasopressor group had a higher incidence of 

prolonged department stays (49.6% vs. 46.5%; p = 0.04) and prolonged hospital stays (65.4% vs. 61.5%; 

p = 0.007). Although in-hospital amputation rates were similar between groups (0.8% vs. 1.1% ; p = 

0.44), the vasopressor group exhibited significantly higher rates of in-hospital acute kidney injury 

(28.1% vs. 18.4%; p < 0.001) and in-hospital mortality (32.3% vs. 27.4%; p < 0.001). 

Table 1. Patients’ characteristics according to vasopressor therapy. 

Variables 
Overall 

[n = 4468] 

Vasopressors 
P-

value 
No 

[n = 2287] 

Yes 

[n = 2181] 

Demographic features 

Male gender; N (%) 2708 (60.6)  1324 (57.9)  1384 (63.5)  <0.001 

Age; years (median [IQR]) 
 73 [62.90, 

83.10] 

 73.30 [61.70, 

83.80] 

 72.70 [63.90, 

82.10] 
0.54 

Medical Background 

CHF; N (%) 721 (16.1)  353 (15.4)  368 (16.9)  0.2 

CKD; N (%) 2064 (46.2)  993 (43.4)  1071 (49.1)  <0.001 

Diabetes; N (%) 1147 (25.7)  560 (24.5)  587 (26.9)  0.07 

PVD; N (%) 235 (5.3)  115 (5)  120 (5.5)  0.52 

In Hospital Lab Testing 

Albumin; g/dL (median [IQR]) 2.30 [1.90, 2.60] 2.40 [2, 2.70] 2.20 [1.80, 2.50] <0.001 

Creatinine at admission (median [IQR]) 1.41 [0.88, 2.23] 1.35 [0.85, 2.14] 1.48 [0.91, 2.33] <0.001 

Creatinine during hospitalization (median 

[IQR]) 
1.84 [1.13, 3.06] 1.68 [1.03, 2.74] 2.03 [1.25, 3.37] <0.001 

Hemoglobin; g/dL (median [IQR]) 
 10.13 [8.74, 

11.66] 

 10.10 [8.75, 

11.55] 

 10.19 [8.72, 

11.77] 
0.17 

In Hospital Treatment and Outcome 

Department length of stay > 7 days; N (%) 2144 (48)  1063 (46.5)  1081 (49.6)  0.04 

Hospital length of stay > 7 days; N (%) 2832 (63.4)  1406 (61.5)  1426 (65.4)  0.007 

Amputated; N (%) 43 (1)  25 (1.1)  18 (0.8)  0.44 

AKI; N (%) 1032 (23.1)  420 (18.4)  612 (28.1)  <0.001 

In hospital mortality; N (%) 1330 (29.8)  626 (27.4)  704 (32.3)  <0.001 

CHF = congestive heart failure, CKD = chronic kidney disease (defined as positive for patients that 

had creatinine more than 1.5 mg/dL on admission), PVD = peripheral vascular disease, AKI = acute 

kidney injury (defined as positive when creatinine levels where 1.5 times greater on subsequent lab 

results) 

Table 2 presents the results of a logistic regression analysis assessing  risk factors for 

amputation. In the univariate analysis, treatment with vasopressors was not significantly associated 

with an altered risk of amputation (OR = 0.76, 95% CI 0.4 - 1.38; p = 0.36). Olderage was associated 

with  significantly lower odds of amputation (OR = 0.97 per year, 95% CI 0.95 - 0.99; p = 0.001), while 

male gender showed no significant correlation (OR = 0.83, 95% CI 0.44 - 1.6; p = 0.559). Peripheral 

vascular disease (PVD) was identified as the strongest risk factor, with a significantly increased risk 

of amputation (OR = 19.3, 95% CI 9.47 - 39.78; p < 0.001). Other comorbidities, including congestive 

heart failure (OR = 1, 95% CI 0.44 - 2.11; p = 0.99), chronic kidney disease (OR = 1.07, 95% CI 0.53 - 
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2.15; p = 0.85), and diabetes (OR = 1.28, 95% CI 0.63 - 2.55; p = 0.48), were not significantly associated 

with amputation risk. Similarly, in-hospital acute kidney injury (OR = 0.63, 95% CI 0.25 - 1.38; p = 

0.27), treatment with noradrenalin (OR = 0.77, 95% CI 0.4 - 1.46; p = 0.43), vasopressin (OR = 0.45, 95% 

CI 0.02 - 2.38; p = 0.46), or vasodilator therapy (OR = 2.32, 95% CI 0.12 - 14.9; p = 0.46), were not 

significantly associated with an increased risk of amputation. 

Table 2. Logistic regression analysis for the risk of amputation. 

Variable OR [95% CI] P-value 

Univariate analysis 

Treated with vasopressors 0.76 [0.4, 1.38] 0.36 

Multivariate analysis 

Age; per one year 0.97 [0.95, 0.99] 0.001 

Gender; M 0.83 [0.44, 1.6] 0.56 

PVD 19.3 [9.47, 39.78] < 0.001 

CHF 1 [0.44, 2.11] 0.99 

CKD 1.07 [0.53, 2.15] 0.85 

Diabetes 1.28 [0.63, 2.55] 0.48 

In-hospital AKI 0.63 [0.25, 1.38] 0.28 

Noradrenalin treatment 0.77 [0.4, 1.46] 0.43 

Vasopressin treatment 0.45 [0.02, 2.38] 0.46 

Vasodilator treatment 2.32 [0.12, 14.88] 0.46 

PVD = peripheral vascular disease, CHF = congestive heart failure, CKD = chronic kidney disease 

(defined as positive for patients that had creatinine more than 1.5 mg/dL on admission), AKI = 

acute kidney injury (defined as positive when creatinine levels where 1.5 times greater on 

subsequent lab results) 

4. Discussion 

Advancements in modern medicine have significantly improved  survival rates for patients 

with sepsis and septic shock. As a result, older, and more critically ill patients are now surviving such 

hospitalizations in both general internal medicine departments and intensive care units. These 

improvements are largely attributed to aggressive management of hemodynamic instability 

alongside with application of advanced antimicrobial therapies. In addition to volume loading, the 

use of vasopressor medications rapidly re-institute the arterial blood pressure and replenish target-

organ-perfusion. Nevertheless, this aggressive management comes at a cost! It has long been 

recognized that vasopressor therapy is associated with peripheral vasoconstriction and potential 

ischemic damage to the patient’s extremities. The association between patients’ personalized 

characteristics: older age, co-morbidities, heightened inflammation, and vasopressor use is naturally 

considered as increasing  the risk of amputations and damage to target organs.  

Taking a step back, we should search for areas in which personalized medicine is taking a 

significant place in the realm of ICU / the care of critically ill patients. Such trials were made in the 

domain of prediction (Park and co. regarding application of artificial intelligence for the purpose of 

early detection of delirium [19]),  organized, multifaceted care as described by LaRosa and 

Kudchadkar [20] and even searching for genetic associations in critically ill patients as published a 

systematic review by Zhang and co. [21]. Currently, prediction is generally system-based and is 

related to specific target organs’ damages:  

Acute kidney injury (AKI) commonly complicates cases of sepsis, with associated mortality rates 

as high as 70% [5]. Evidence suggests that vasopressin may improve outcomes in septic patients at 

high risk for AKI, as defined by the RIFLE criteria, showing lower rates of progression to renal failure 

(20.8% vs. 39.6%) hence reducing the need for renal replacement therapy (17.0% vs. 37.7%) compared 

to norepinephrine [22]. Additionally, meta-analyses indicate a lower incidence of AKI when 

vasopressin is combined with norepinephrine versus usage of norepinephrine alone [23]. 
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Diabetes Mellitus (DM) significantly increases the risk for both sepsis and subsequent limb 

amputation in septic patients. Diabetic individuals are more susceptible to infections and poor 

circulation, particularly when compounded by peripheral artery disease (PAD). A population-based 

study found that 0.8% of sepsis survivors required limb amputation, with DM and PAD identified as 

independent risk factors. These conditions contribute to poor microcirculation, which can lead to 

tissue damage, gangrene, and ultimately the need for amputation [15].  

Our analysis of this large cohort study identified several significant patterns related to 

vasopressor therapy and patient outcomes. Notably, the data revealed distinct differences between 

patients receiving vasopressor treatment and those who did not, particularly in key clinical outcomes. 

The vasopressor group demonstrated significantly higher adverse events, including increased in-

hospital mortality and acute kidney injury. However, these findings are likely to reflect the greater 

severity of illness in this group rather than direct influence of vasopressor use. This interpretation is 

further supported by significant clinical parameters, including lower albumin levels and elevated 

creatinine levels throughout hospitalization, and prolonged hospital stays in the vasopressor group. 

With relation to personalized medicine: demographic analysis revealed a notable gender 

disparity, with males representing a larger proportion of the vasopressor group. This observation 

aligns with findings from the Italian ICU cohort study, though their research paradoxically found 

increased ICU mortality risk among female patients with severe sepsis [24]. The underlying 

mechanisms for these gender-based differences remain unclear. As noted by Angele et al., while 

clinical studies consistently demonstrate gender-based disparities in shock and sepsis outcomes, 

laboratory investigations have historically focused primarily on young male animals [25]. Emerging 

evidence suggests potential protective effects of low dihydrotestosterone and/or high estradiol in 

septic shock, functioning through both direct receptor-mediated processes and indirect 

immunomodulatory pathways. 

A particularly interesting finding emerged regarding age and amputation risk. Older age was 

associated with decreased risk of amputation, suggesting that more conservative management 

strategies may be employed in the elderly patients. Despite the greater illness severity in the 

vasopressor group, amputation rates remained similar between groups, indicating that vasopressor 

therapy may not be the primary cause of limb ischemia leading to amputation. 

This finding is particularly relevant in the context of peripheral artery disease (PAD) and critical 

limb ischemia (CLI). Studies have shown that PAD alone increases amputation risk by14-fold, while 

the combination of both PAD and microvascular disease elevates this risk to 22.7-fold [26]. 

Additionally, approximately 11.08% of PAD patients (without association to sepsis or septic shock) 

develop CLI annually [27], highlighting the significance of underlying vascular disease in amputation 

risk. In our study, multivariate analysis demonstrated a 19.3-fold increased risk of amputations in 

patients with PAD.  

The current guidelines for septic shock management (2023) continue to emphasize vasopressors' 

crucial role, with norepinephrine as the first-line agent, followed by vasopressin or epinephrine as 

second-line options. While these guidelines acknowledge theoretical risks of limb ischemia, they 

prioritize maintaining adequate organ perfusion [28]. Our findings align with this approach, as 

vasopressor use was not significantly associated with an increased risk of amputation. Instead, other 

underlying patients’ characteristics, particularly peripheral vascular disease, emerged as more 

significant contributors to amputation risk. 

These findings carry important clinical implications, indicating that concerns about vasopressor-

induced limb ischemia should not deter clinicians from appropriate vasopressor use in septic shock 

management. This is especially relevant when following current guidelines,  which emphasize careful 

monitoring of peripheral perfusion and administrating the lowest effective dose. Also, it stresses the 

need of personalized medicine, even in the settings of hyper-acute medicine, as it is in the case of 

patients suffering from septic shock.  
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5. Conclusions 

In our study, we demonstrated that vasopressor use, whether noradrenaline or vasopressin, did 

not increase the risk of amputation in patients with septic shock. Furthermore, our findings 

reaffirmed that previously established risk factors – especially  older age and peripheral vascular 

disease - remain fundamental risk factors for amputations. In light of our findings, vasopressor use 

in the ICU should be personalized according to the presence of pre-morbid risk factors for limbs’ 

ischemia.  

6. Limitations 

As a single-center, retrospective study, the findings may not be generalizable to other 

populations. Strict adherence to updated treatment guidelines of patients with septic shock, as are 

updated regularly, should remain the standard of care to ensure patient management.   
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