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Abstract

Background

Septic shock is associated with high mortality. Aged and multimorbid patients are not always

eligible for intensive care units. Norepinephrine is an accepted treatment for hypotension in

septic shock. It is unknown whether norepinephrine has a place in treatment outside an

intensive care unit and when given peripherally.

Objectives

To describe mortality, Acute Physiology And Chronic Health Evaluation (APACHE-II), time

to mean arterial pressure >65 mmHg, and adverse events in patients with septic shock

receiving norepinephrine peripherally in an intermediate care unit.

Methods

From a retrospective chart review of 91 patients with septic shock treated with norepineph-

rine for hypotension, ward mortality, 30-, 60- and 90-day mortality, standardized mortality

ratio (SMR) and adverse events (necrosis and arrhythmia) were analysed. Administration

route via peripheral venous catheter or central venous catheter was registered.

Results

Median age was 81 (43–96) years and median APACHE-II score was 26 (12–42). Observed

ward mortality was 27.5% (SMR 0.443, 95% CI: 0.287–0.654), and 30-day and 90-day mor-

tality were 47.2% and 58.2%, respectively.
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Conclusions

Elderly patients with septic shock treated with norepinephrine displayed a better survival in

the ward and at 30 days than expected. Our retrospective study did not indicate frequent

complications when administering norepinephrine via a peripheral venous catheter.

Introduction

The measurement of systemic arterial pressure by mean arterial pressure (MAP) or systolic

plus diastolic pressures (SAP, DAP) has been considered an appropriate way to achieve mean-

ingful clinical information for more than a century. By measuring blood pressure, systemic

hypertension has been identified and treated for years. It was noted that the development of

hypotension associated with severe infection singled out patients with obviously worse prog-

nosis. Thus, the distinction between “sepsis” and “septic shock” was established in 1992 [1]. In

Sweden 210 per 100,000 people had sepsis, and 30 per 100,000 developed septic shock in 2012

[2]. In that same year, 1,000 patients died from sepsis according to the Cause of Death Register

established by the Swedish National Board of Health and Welfare [3]. The ICU mortality in

Sweden was 34% in 2012 according to the Intensive Care Unit Register Sweden [4].

In many trials and clinical materials, septic shock is defined as present when SAP is below

90 mmHg or MAP is below 65 mmHg, despite an intravenous (IV) fluid bolus [1, 5–7].

Patients with septic shock are typically treated in an intensive care unit (ICU). They receive an

IV fluid bolus, often through a central venous catheter (CVC) that has been placed in addition

to a peripheral venous catheter (PVC). Then, they are continuously monitored with pulse

oximetry and repeated controls of blood pressure and heart rate, diuresis, breathing and con-

sciousness. If hypotension remains in spite of aggressive fluid administration, an infusion of a

vasopressor like norepinephrine (NE) is usually started in a CVC with the aim to reach and

maintain a MAP of at least 65 mmHg [5].

In 2001 Rivers et al. presented the concept of early goal directed therapy (EGDT) for severe

sepsis and septic shock [6]. Lately, several studies have evaluated EGDT and found that EGDT

is not superior compared to standard care [8–10]. Although standard care maybe more like

EGDT now than prior to 2001, these studies suggest that extensive monitoring such as cardiac

output via pulmonary artery catheter, SvO2 or central venous pressure in these patients may

not be necessary.

ICU-resources often are stretched markedly thin in a modern busy city hospital. Many

patients tend to be quite old (>80 years of age), displaying multiple organ deficiencies even

before the onset of an acute illness with infection and hypotension. As a result of previously

agreed-upon treatment limitations and general overcrowding, acutely ill patients may be

stranded outside an ICU in emergency care or intermediate care facilities or elsewhere into the

hospital system.

We were recently made aware of a local treatment algorithm established at the Intermediate

Care Unit (IMCU), Division of Internal Medicine, Danderyd Hospital outside Stockholm,

where patients with sepsis and hypotension were offered vasopressor support for up to 72

hours outside the ICU. Prior to treatment in the IMCU, a discussion regarding the patient’s

care was held with an intensivist, resulting in the decision to admit and treat the patient in the

IMCU rather than in the ICU. The patients were placed in an intermediate care area with a

nurse to patient ratio of at least 1:3. Then, they received IV fluids and an NE infusion and were

monitored for possible arrhythmias with telemetry. This paper is a retrospective report de-

scribing the included patients, clinical outcomes, and observed complications.
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Materials and methods

Clinical setting and subjects

The study was conducted as a retrospective survey at the Intermediate Care Unit (IMCU),

Division of Internal Medicine, Danderyd Hospital, Stockholm, Sweden. The IMCU holds six

beds and a minimum nurse to patient ratio of 1:3. The nurses interacted with an experienced

internal medicine resident with support from a senior consultant. However, no intensivist was

present or on call at the IMCU.

Using the medical charts, we screened all patients who had received NE at Danderyd Hospi-

tal and included patients treated in the IMCU for septic shock. Inclusion criteria for study

entry were age�18 years, meeting the definition of septic shock, subsequent administration

with an infusion of NE, and treatment in the IMCU. Patients were excluded if they were

treated in the ICU during the same period of hospitalization (Fig 1).

Patient selection

We identified 177 patients between 2011 and 2014 by searching Danderyd Hospitals’ comput-

erized medical charts for “norepinephrine” using QlikView1 (QlikTech International, Lund,

Sweden) and extracted data from the electronic chart TakeCare1 (CompuGroup Medical,

Stockholm, Sweden). Data were obtained through the patients’ social security number and

were not anonymous. A search for the ICD-10 code R.57.2 Septic shock was made; however, it

became apparent that a majority of patients were coded incorrectly. Instead, all patients who

Fig 1. Consort chart. Consort chart showing patients eligible for the study and reason for exclusion. IMCU = Intermediate Care Unit,

ICU = Intensive Care Unit, NE = Norepinephrine.

https://doi.org/10.1371/journal.pone.0183073.g001
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were prescribed NE were identified, with the exception of patients treated in the ICU, which

uses another non-computerized patient chart. A total of 91 patients were included in this

study.

Data collection

From all included patient data, age, gender, and parameters for Acute Physiology and Chronic

Health Evaluation II (APACHE-II) [11], and the KDIGO acute kidney injury classification sys-

tem were collected [12]. Data were extracted from TakeCare regarding IMCU-mortality, mor-

tality up to 90 days from admission, IMCU length-of-stay (LOS), NE administration through a

PVC or a CVC, and expected complications (skin necrosis or pale skin around the PVC and

arrhythmias). Patients admitted to the hospital before the onset of septic shock were identified.

These patients had a time documented in TakeCare when MAP<65 mmHg was observed.

Thus, the time from identifying MAP <65 mmHg to the start of NE infusion as well as to res-

toration of adequate MAP (>65 mmHg) could be calculated. Each participant’s dataset was

coded with a number matching the social security number; the key is held by the first author.

Principles of care and management goals

Monitoring. According to an established local protocol for NE use in the IMCU at Dan-

deryd Hospital, the patients were continuously monitored with heart rate sensors, three-point

ECG, non-invasive blood pressure (NIBP) every 5–15 minutes, and continuous pulse oxime-

try. The ECG was monitored through telemetry, which allowed recorded events to be viewed

retrospectively. Point-of-care arterial blood gas was taken at admission and as needed accord-

ing to local clinical routines.

Antibiotics. All patients received broad-spectrum antibiotics until cultures and sensitivity

tests were done. Antibiotics were modified according to the susceptibility test.

Blood pressure goals. The goal of treatment was a MAP from 65–70 mmHg. If the patient

did not respond with a MAP >65 mmHg after a fluid bolus of 500–1000 ml Ringer’s acetate,

treatment with NE was initiated with 0.05 microg/kg/min. The infusion rate was titrated up if

MAP<65 mmHg and down when MAP >70 mmHg. The highest infusion rate allowed

(according to the local protocol) in the IMCU was 0.2 microg/kg/min. Fluid treatment was

prescribed according to the individual physician’s clinical assessment of the patient’s grade of

dehydration.

Period of hypotension. It would have been optimal if the onset of septic shock and hypo-

tension had been known in all patients in a study of this kind. However, many patients fell ill

at a nursing home or in their home where no blood pressure was measured at the onset of

symptoms. In addition, several patients were sent from an ordinary hospital ward where blood

pressures usually are measured three times a day or at the onset of clinical deterioration.

Hence, the exact time-point for the debut of hypotension in most patients remains undeter-

mined in this study.

Blood tests. All blood test analyses required for calculating APACHE-II were performed

by Karolinska University Laboratory, which had been previously accredited by ISO 15189

“Requirements for quality and competence.” Point-of-care testing for arterial blood gases has

no accreditation.

Calculating MAP

Since NIBP gives systolic blood pressure (SAP) over diastolic blood pressure (DAP), a calcula-

tion of MAP was necessary. MAP was calculated through the formula MAP = DAP + (SAP—

DAP) / 3 [13].

Norepinephrine outside the ICU
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Statistical analysis

Standardized mortality ratio (SMR) and its 95% confidence intervals were calculated as given

by Liddell [14]. The meaning and use of the Receiver Operating Characteristic (ROC) curve is

given in Kumar et al. and Hanley et al. [15, 16]. MS Excel (Microsoft Corporation, Redmond,

Washington, USA) was used for data collection; GraphPad Prism version 5.04 (GraphPad Soft-

ware Inc. San Diego, USA) was used for statistical analysis. P-values <0.05 were considered

statistically significant. Reported p-values are from two-sided tests.

Ethical approval

Ethical approval was received from Stockholm’s Regional Ethics Board (2013/1537-31/4).

Because the study is a retrospective survey, no written consent was possible to obtain from the

participants and was not needed according to the ethical approval requirements.

Results

Patient characteristics

The patient characteristics are presented in Table 1.

APACHE-II-score and mortality

The median APACHE-II-score was 26 (12–42), translating to an estimated mortality rate

(EMR) of 59.7% (16.1–93.9%). Observed IMCU mortality was 27.5% (SMR 0.443, 95% CI:

0.287–0.654), and 30-day and 90-day mortality were 47.2% and 58.2%, respectively. Fig 2

shows that APACHE-II accurately described mortality outcome in our material.

ROC analysis

The results of the ROC analysis are given in Fig 2. The area under the curve AUC was 0.85

(95% CI: 0.76 to 0.93), p<0.0001.

Table 1. Patient characteristics. Median and range or numbers and percent.

Factor

Age Years 81 (43–96)

Sex Female n (%) 35 (43.2%)

Male n (%) 46 (56.8%)

Body weight kg 65 (37–140)

Body Mass Index kg/m2 21.8 (13.6–44.1)

MAP start of treatment mmHg 56 (35–65)

Crystalloid fluids hour 1 ml 1000 (<500–3000)

Crystalloid fluid day 1 ml 5000 (500–9100)

Days admitted (IMCU) Day started 3 (1–22)

APACHE-II Score 26 (12–42)

KDIGO AKI Classification Score 1 (0–3)

Patients with at least 1 KDIGO AKI Classification 77 (84.6%)

AKI = Acute kidney injury, APACHE = Acute physiology and chronic health evaluation, IMCU = Intermediate

Care Unit, KDIGO = Kidney disease improving global outcome, MAP = mean arterial pressure.

https://doi.org/10.1371/journal.pone.0183073.t001
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Blood pressure goals

Patients not achieving a MAP >65 mmHg in 12 hours displayed poor prognosis (Fig 3).

Most patients achieving a MAP>65 mmHg did so within 1 hour (0.25–10) from the start

of the NE infusion (Fig 4).

Observed blood pressure fall

In 23% of the patients (n = 21), the timing for a fall in blood pressure <65 mmHg could be

established. Mortality was significantly lower in this patient group compared to patients where

the time of blood pressure fall could not be established (Fig 5). The IMCU mortality was 14.3%

(n = 3), and the 90-day mortality was 42.8% (n = 9). Their median time to NE infusion was 1.5

hours (1–6 hours) from admission.

Complications

Through notes in the charts, we deduced that no patient showed any signs of ischemia or

necrosis around the area of infusion. One patient had sinus tachycardia up to 180 beats per

minute at NE infusion rates above 0.09 microg/min/kg and never achieved MAP>65 mmHg.

The NE infusion had to be discontinued, and the patient subsequently died in the IMCU

within a few hours. Two patients had PVCs that did not work due to high resistance alarms

from the infusion pumps. One patient had the PVC changed, and one received a CVC. Finally,

Fig 2. ROC-analysis for the specificity and sensitivity of APACHE-II. ROC = Receiving operating

characteristics. APACHE = Acute physiology and chronic health evaluation.

https://doi.org/10.1371/journal.pone.0183073.g002

Norepinephrine outside the ICU

PLOS ONE | https://doi.org/10.1371/journal.pone.0183073 August 24, 2017 6 / 13

https://doi.org/10.1371/journal.pone.0183073.g002
https://doi.org/10.1371/journal.pone.0183073


one patient required three attempts to secure venous access at the neck until a CVC was estab-

lished, with a resulting large hematoma close to the site of insertion.

PVC or CVC

In the majority of patients (n = 79; 86.8%), the NE infusion was administered through a PVC.

The remaining patients had a CVC (n = 12; 13.2%).

Fig 3. Mortality (%) for patients achieving versus not achieving MAP >65 mmHg within 12 hours.

Kaplan-Meier curve with mortality (%) as outcome for patients achieving versus not achieving MAP >65

mmHg within 12 hours. p<0.0001 (Gehan-Breslow-Wilcoxon Test).

https://doi.org/10.1371/journal.pone.0183073.g003

Fig 4. Kaplan-Meier curve describing time to MAP > 65mmHg.

https://doi.org/10.1371/journal.pone.0183073.g004
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Duration of therapy with NE

The median time for NE infusion was 13 hours (range 0.5–72 hours). Blood pressure was mon-

itored every 5 minutes when MAP <65 mmHg and every 15 minutes when MAP >65 mmHg.

However, it was not noted in the charts every time a new blood pressure was measured; hence,

the data for the time to MAP >65 mmHg are probably underestimated.

Discussion

We have conducted a retrospective chart study to identify 91 mostly elderly hospitalized

patients with multiple morbidities suffering from septic shock and not considered eligible for

ICU admission. Our main and surprising finding was that subsequent treatment with NE in

the IMCU resulted in an IMCU mortality of only 27.5% (SMR 0.443), with a 30-day survival of

52.8%. The vast majority of patients had a peripheral venous catheter (PVC) as the only venous

access with few complications—most importantly, no incidence of skin necrosis.

Material and mortality

The median APACHE-II score was 26, and the median age was 81 years in this retrospective

study. In other studies, patients with septic shock [17–19] with a respective mean APACHE-II

score of 22, 20 and 24 had reported a median age of 57, 54 and 32 years, respectively. The

higher APACHE-II score in this study could partly be explained by the advanced age of the

included patients. No studies presenting mortality rates in patients with septic shock who were

treated at an IMCU have been found by the authors. Two previous studies focusing on patients

with septic shock in the United States found an ICU mortality of 40% and a hospital mortality

Fig 5. Kaplan-Meier curve comparing patient mortality with point of time was known or unknown for a

blood pressure fall below MAP 65 mmHg. p = 0.0291 (Gehan-Breslow-Wilcoxon Test).

https://doi.org/10.1371/journal.pone.0183073.g005
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of 50% [20, 21]. The ICU mortality in Sweden for R57.2 Septic shock was 34% in 2012 [4]. A

large, multicentre study from France that included 1,488 patients with septic shock reported

an ICU mortality of 40% and a 90-day-mortality of 52% [22]. The relatively low mortality in

our material may be explained partially by effective hospital logistics, where patients are

moved quickly from the emergency room to the IMCU for treatment. In addition, no patients

in this study needed concomitant invasive ventilation support of any kind.

ROC analysis and use of APACHE II

As demonstrated in Fig 2, ROC analyses with a high AUC value and a low p-value show a high

internal validity of APACHE II as predictor of mortality in this limited group of 91 individuals.

The use of the ROC curve indicates an optimal cut-off value for an APACHE-II score of 68.05,

giving a sensitivity of 80% and a specificity of 77% [15]. APACHE-II is well validated and has

been used widely for several years to describe the severity of disease [11].

Definition of sepsis

This study used the same definition of septic shock as is described in the Surviving Sepsis Cam-

paign 2012: septic shock involves hypotension despite fluid resuscitation in a patient with

severe sepsis [5]. Recently, Singer et al (2016) published a suggestion for a new definition of

sepsis and septic shock [23]. We have decided to use the older definitions for a few reasons.

Firstly, these data collections were finished when the new definitions came out. Secondly, the

new definitions have yet to be reviewed by the intensive care society.

Only a minority (n = 18) of patients had the diagnosis of R57.2 Septic Shock in their charts.

Therefore, we used the term”norepinephrine” as a proxy for identifying patients with septic

shock. It is disturbing for future register studies and retrospective studies that so few patient

charts had the correct diagnosis listed.

Blood pressure goal

In a minority of patients (n = 21), it was possible to establish the approximate point of time at

which MAP fell below 65 mmHg. Interestingly, this subgroup of patients had a lower mortality

in comparison with the remaining patients where time of onset of hypotension was less clear.

Data from previous studies [24, 25] suggest that early versus delayed treatment with NE gives

more benefit; this observation that has greatly influenced therapy tradition in the Western

practice. We suggest that one reason for the lower mortality in the patients with a known onset

of hypotension was the relatively quick initiation of effective therapy with NE in the IMCU

(median time 1.5 hours from detection). In contrast, patients who never reached a MAP>65

mm Hg, in spite of fluid and low-dose NE, had an extremely poor prognosis and died within

72 hours of the start of treatment. In a future study, we suggest it would be of interest to follow

blood lactate throughout the treatment period of septic shock.

We are painfully aware of the fact that systemic blood pressure is a poor proxy parameter

for global perfusion. Perhaps cardiac output, or other more precisely quantifiable variables in

blood or tissue could describe the shock state better [26–28]. However, MAP or systolic blood

pressure remains a vital part of the clinical detection and definition of the borderline between

“sepsis” and “septic shock”, and it is the parameter available in the emergency room or at a

general ward as a sign of alarm once clinical deterioration becomes obvious. In future research,

we may be able to agree upon and validate a pattern of clinical signs and blood sampling into a

better-defined classification of states of shock and the recovery process from shock.
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Venous access

NE is a potent vasoactive agent, and the general recommendation is to administer NE via a

CVC [5]. We have found one review of 85 papers with 270 patients reporting about local tissue

injury when vasopressors were administered in a peripheral vein. Loubani et al. [29] noted

325 extravasation events in these patients. Most of the studies included in this review are case

reports, which make it difficult to assess the risk (incidence) for such an adverse event. In our

study, we examined charts from 79 patients treated with NE in a PVC for 0.5 to 72 hours and

found none who had this complication reported. Recently, other descriptive, retrospective stud-

ies in a pediatric setting have also demonstrated some safety in administering NE in a PVC dur-

ing resuscitation or transport [30, 31]. It is not completely safe to insert a CVC due to fairly

common complications such as cardiac arrhythmias, accidental arterial punctures, and hemato-

mas at the place of catheter insertion [32]. One randomized trial showed that inserting a CVC

in the ICU resulted in fewer complications than inserting a PVC. Complications considered

major were erythema around the point of insertion and difficulties inserting and maintaining

the catheter [33]. The lack of larger randomized trials focused on safety aspects in administering

vasopressors in either a PVC or CVC are obvious, and we would welcome such future work.

Ethical issues, limitations of therapy and prognosis

Clearly, several factors represent significant ethical, logistical, and practical challenges for patients,

relatives, and hospital staff in a geriatric hospital population when sepsis develops. Among these,

we recognize previous decisions regarding limitations of treatment, a generally poorer prognosis

due to concomitant illness, and the overcrowding of many hospitals. Our patients had a median

age of 81 years, and 85% either had previous kidney insufficiency or developed AKI as a result of

their acute illness. Thus, they represent one of the most ill and compromised patient cohorts in

the hospital at any moment. We argue it is therefore possible to identify causes for some therapeu-

tic nihilism that threatens to influence choice of therapy for such patients. Such behaviour, how-

ever, should not remain excusable. These patients do not easily compete for scarce hospital

resources. In balance, we argue that the chosen treatment strategy was ethically sound and could

be defended, that retrospective outcome data are encouraging, and that serious complications

were few. Only a future randomized study can define the true patient benefit of applying this type

of treatment bundle in a septic insult with hypotension in a geriatric hospital population.

Judging from data on SMR, derived from an APACHE-II estimated mortality ratio (EMR) per

patient, and using mortality in the IMCU as proxy for ICU mortality, it appears reasonable to

state that short-term (IMCU and 30-days) prognosis was not seriously compromised by treating a

group of patients according to this alternative algorithm at the IMCU in Danderyd Hospital.

Study limitations

A few patient charts did not give sufficient information regarding the amounts of fluids, and

the blood pressure was not always noted frequently. Staff adherence to agreed-upon treatment

protocol was sometimes limited. All data were gathered retrospectively and at a single center.

Our conclusions are weakened by the fact that no control group exists in this report, and only

retrospective observational data are presently available.

Conclusion

Elderly patients with septic shock treated with norepinephrine (NE) displayed a better IMCU

survival at the ward and at 30 days than previously expected. Our retrospective chart study did

not indicate frequent complications when administering NE via PVC.
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