
REVIEW ARTICLE

The Economic and Humanistic Burden of Severe Sepsis

Bogdan Tiru1,2 • Ernest K. DiNino1,2 • Abigail Orenstein1,2 • Patrick T. Mailloux1,2 •

Adam Pesaturo3 • Abhinav Gupta2 • William T. McGee2,4

Published online: 3 May 2015

� Springer International Publishing Switzerland 2015

Abstract Sepsis and severe sepsis in particular remain a

major health problem worldwide. Their cost to society

extends well beyond lives lost, as the impact of survivor-

ship is increasingly felt. A review of the medical literature

was completed in MEDLINE using the search phrases

‘‘severe sepsis’’ and ‘‘septic shock’’ and the MeSH terms

‘‘epidemiology’’, ‘‘statistics’’, ‘‘mortality’’, ‘‘economics’’,

and ‘‘quality of life’’. Results were limited to human trials

that were published in English from 2002 to 2014. Articles

were classified by dominant themes to address epidemi-

ology and outcomes, including quality of life of both pa-

tient and family caregivers, as well as societal costs. The

severity of sepsis is determined by the number of organ

failures and the presence of shock. In most developed

countries, severe sepsis and septic shock account for dis-

proportionate mortality and resource utilization. Although

mortality rates have decreased, overall mortality continues

to increase and is projected to accelerate as people live

longer with more chronic illness. Among those who do

survive, impaired quality of life, increased dependence, and

rehospitalization increase healthcare consumption and,

along with increased mortality, all contribute to the hu-

manistic burden of severe sepsis. A large part of the eco-

nomic burden of severe sepsis occurs after discharge.

Initial inpatient costs represent only 30 % of the total cost

and are related to severity and length of stay, whereas lost

productivity and other indirect medical costs following

hospitalization account for the majority of the economic

burden of sepsis. Timeliness of treatment as well as

avoidance of intensive care unit (ICU)-acquired ill-

ness/morbidity lead to important differences in both cost

and outcome of treatment for severe sepsis and represent

areas where improvement in care is possible. The degree of

sophistication of a health system from a national perspec-

tive results in significant differences in resource use and

outcomes for patients with serious infections. Compre-

hensive understanding of the cost and humanistic burden of

severe sepsis provides an initial practical framework for

health policy development and resource use.

Key Points for Decision Makers

The incidence of severe sepsis and its overall

mortality is projected to accelerate as people live

longer with more chronic illnesses.

The majority of the economic burden of severe

sepsis occurs after hospital discharge; initial

inpatient costs represent only 30 % of the total cost

and are related to severity and length of stay.

Impaired quality of life, increased healthcare

consumption, and subsequent increased mortality all

contribute to the humanistic burden of severe sepsis

and affects caregivers as well.

& Bogdan Tiru

bogdan.tirumd@baystatehealth.org

1 Medicine, Tufts University School of Medicine, Boston, MA,

USA

2 Division of Pulmonary and Critical Care Medicine, Baystate

Medical Center, Springfield, MA, USA

3 Department of Pharmacy, Baystate Medical Center,

Springfield, MA, USA

4 Medicine and Surgery, Tufts University School of Medicine,

Boston, MA, USA

PharmacoEconomics (2015) 33:925–937

DOI 10.1007/s40273-015-0282-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s40273-015-0282-y&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40273-015-0282-y&amp;domain=pdf


1 Introduction

Severe sepsis represents a significant global problem with

an estimated number of deaths between 15 and 19 million

per year worldwide [1], with significant variance in its

prevalence throughout the world [2, 3].

1.1 Severe Sepsis in Adults

The incidence of sepsis is rising rapidly. In the USA, be-

tween 2004 and 2009, the annual incidence was in the

range of 300–1031 per 100,000 population [4], depending

on which approach to identification was used [5–8]. Re-

gardless of methodology, the incidence of sepsis increased

an average of 13 % annually, as compared with 8.7 %

annually between 1979 and 2000, while the case fatality

rate decreased [7]. On reviewing the study done by Lagu

et al [9], the differences in methodology become readily

apparent, as they report a constant and more rapid increase

(17.8 % per year) in the number of cases of severe sepsis

between 2003 and 2007. There was a decrease in the pro-

portion of septic patients with no or one organ dysfunction,

while the proportion of patients with three or four

documented organ dysfunctions rose. Aside from im-

provements in care, a likely explanation is better recogni-

tion, documentation and coding of organ dysfunction by

healthcare providers.

This trend is also supported by data from Australia and

New Zealand [10], where the proportion of patients with

severe sepsis and septic shock admitted to an intensive care

unit (ICU) rose each year from 7.2 % (in 2000) to 11.1 %

(in 2012), representing a relative increase in the number of

cases of approximately 3.7 % per year. During this time,

the length of ICU stay was approximately 7 days. The

mean mortality in septic patients decreased from 35 % in

2000 to 18.4 % in 2012, while the actual number of deaths

increased each year.

In Europe, severe sepsis and septic shock also represent

a significant portion (between 10 and 45 %) of all ICU

admissions [11]. Although it is difficult to treat Europe as a

homogeneous region, it is safe to say their models of care

for the critically ill, independent of nationality, differ in

comparison to North America through differences in bed

availability, which affect directly patient disposition. As

such, in Europe, patients with severe sepsis and septic

shock are more likely to be admitted to an ICU after

spending approximately 1 day on the wards. Once admit-

ted, however, their length of stay is longer, at 7.8 days vs.

4.2 in the USA [12].

Population-based studies in the developed world suggest

that the burden of critical illness is higher than generally

appreciated and will continue to increase as the population

ages [1]. This may be related to a difference in immune

response [13] or a result of the presence of comorbidities

[14]. Regardless, there is a clear increase in the rates of

severe sepsis with age [5, 15], along with an increase in

mortality [5, 14]. This multi-year trend in increasing hos-

pitalizations for severe sepsis is likely to continue as life

expectancy continues to rise worldwide and an aging

population with multiple comorbidities becomes more

susceptible to developing sepsis [16].

Among those with an increasing number of hospital-

izations are patients with end stage renal disease. Between

1993 and 2006, US Renal Data System showed an increase

of 34 % in infections and a doubling of infections due to

vascular access [17], and by 2010, this number increased

even further [18]. The type of vascular access is a major

determinant of risk of infection, with non-tunneled cathe-

ters having a 10- to 50-fold higher odds ratio of becoming

infected than arteriovenous fistulas [19].

As advances in the management of malignancies and

organ failures have led to a substantial increase in the

survival of patients with cancer so has the number of pa-

tients with solid [20] and hematological malignancies [21,

22] requiring ICU admission due to infection and sepsis. In

these patients, bloodstream infections are an important

cause of mortality and are usually associated with Gram-

negative bacteria and the presence of multidrug resistant

organisms. For organ transplant patients, sepsis is the most

common cause of ICU admission (47 %) and an indepen-

dent predictor of inpatient mortality (68 %) [23].

1.2 Sepsis in Children

Sepsis is the leading cause of death in infants and children

worldwide, with an annual mortality of approximately 1.6

million [5]. The pediatric population represents a very di-

verse group, with age influencing the epidemiology of

severe sepsis more than any other single characteristic [24].

Respiratory infections and primary bacteremia are the most

common infections [25].

From 1995 to 2005, the number of pediatric hospital-

izations for severe sepsis in the USA grew by 81 % to more

than 75,000 cases annually, with the majority of this in-

crease resulting from doubling of severe sepsis cases in

newborns, from 4.5 to 9.7 cases per 1000 births [25].

During this time, the median length of stay remained stable

at 31 days, while mortality decreased from 10.3 to 8.9 %

[24, 26]. Despite improved survival rates, the burden of

severe sepsis in children remains very high, with 47 % of

survivors readmitted at least once at a median of 3 months

after discharge. More than 30 % of these readmissions

were in children without comorbidities, and an additional

6.5 % of patients died during these readmissions [27].
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The incidence of sepsis in pediatric patients in Europe

has not been well studied. One of the better sepsis epi-

demiological databases comes from the Italian Pediatric

Sepsis Study Group, representing a 1-year period in 15 of

the 22 Italian pediatric ICUs, where the incidence of sepsis

was found to be 11.6 %. The most common site of infec-

tion was respiratory (47.8 %), followed by bloodstream

(24 %) and central nervous system (16.2 %), with a mor-

tality of 15 % compared with 4.7 % in children without

sepsis. Presence of a chronic comorbidity was associated

with an almost three-fold increase in mortality, 24 vs.

8.9 % [28]. Other major factors for sepsis in children are

chronic comorbidities, cancer, immunosuppression and

presence of central venous access.

The majority of pediatric sepsis occurs in low- and

middle-income countries, but there is very little epi-

demiological research. Most data comes from World

Health Organization statistics, which rank pneumonia, di-

arrheal disease, neonatal sepsis, malaria and measles as the

top killers of children, with 80 % of pediatric deaths

classified as sepsis [29]. By far, the highest burden is from

neonatal sepsis, with an estimated 1 million babies dying

annually. The highest numbers of neonatal deaths are in

South/Central Asian countries, and the highest rates are

generally in Sub-Saharan Africa. Unfortunately, with few

exceptions, there has been little progress in reducing such

deaths over the past 10–15 years [30].

1.3 Maternal Sepsis

For the most part, maternal sepsis deaths mirror those of

neonatal sepsis, with low- and middle-income countries

having the highest rates because of poor access to prenatal

care. In comparison, in industrialized countries, maternal

death rates including those due to sepsis are low, but as

would be expected among patients of lower socioeconomic

status, there is a higher rate of morbidity and mortality

because of poor access to care, as well as the presence of

comorbidities, such as diabetes or hypertension.

The best epidemiological data comes from the USA,

where the incidence of sepsis and severe sepsis were found

to be 10 per 10,000 live births and 4.9 per 10,000 live

births, respectively [31], and accounted for 11.5 % of all

inhospital deaths [32].

2 Methods

Our review examines recent (2002–2014) literature on

severe sepsis with a focus on its epidemiology and impact,

both clinical and economic, on patients and health systems.

Different methodologies and wide variations in healthcare

delivery make it difficult to estimate the true cost of severe

sepsis, both from an economic and humanistic perspective.

This review emphasizes the most severe forms of sepsis

(severe sepsis and septic shock), which are usually treated

in the ICU and are a common cause of death and disability.

Although inpatient costs for severe sepsis are high, sig-

nificant medical costs occur after discharge. Both clinical

outcomes and associated societal costs are the focus of this

review.

A MEDLINE search using the phrases ‘‘severe sepsis’’

and ‘‘septic shock’’ and the MeSH terms ‘‘epidemiology’’,

‘‘statistics’’, ‘‘mortality’’, ‘‘economics’’, and ‘‘quality of

life’’ provided the foundation for our review. We analyzed

human trials published in English between 2002 and 2014

and classified articles by dominant themes to address epi-

demiology, acute therapies, mortality and quality of life of

both patient and family caregivers, as well as societal costs.

Differences in medical care, patient outcomes and cost

relative to the level of development of the health systems

for those countries with published data were considered.

3 Economic Burden of Sepsis

In August 2013, the Agency for Healthcare Research and

Quality (AHRQ) published a statistical brief from the

Healthcare Cost and Utilization Project describing the

amount of money hospitals spent to treat patients according

to their medical condition. Septicemia ranked in the top

four most costly conditions for hospitals within all four

payer groups (Medicare, Medicaid, private insurance,

uninsured) and number one when combining the groups

[33]. Across all payer groups, adult sepsis cost hospitals

US$20,000 per patient in 2011 (approximately US$21,000

in 2014 dollars according to inflation rates provided by the

Bureau of Labor and Statistics and its consumer price in-

dex) [34]. Sepsis in the pediatric population is estimated to

cost between US$29,829 and US$65,639 per case, with

higher costs mostly attributed to neonatal and infant ICU

care, which is highly specialized [5, 35].

However, the cost of severe sepsis may be greater than

that reported by the AHRQ for generalized septicemia. The

Nationwide Inpatient Sample database was used to identify

2,828,917 US hospitalized adult patients with severe sepsis

between the years of 2003 and 2007 [36]. Overall the rate

of severe sepsis increased 71 % over the 5-year period,

giving an annual rate of 17.8 %. The authors identified an

approximate cost per case of severe sepsis as US$34,000 in

2007 dollars (approximately US$38,000 in 2014 dollars). A

more recent publication [37] retrospectively evaluated a

cohort of severe sepsis adult patients hospitalized in 2011

identified using the University Health System Consortium

Clinical Database Resource Manager (Chicago, IL, USA).

Based on the 56,997 patients identified, the average cost of
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hospitalization per patient was US$26,304 (approximately

US$28,000 in 2014 dollars).

3.1 Direct Costs Associated with Severe Sepsis

3.1.1 Sepsis Onset and Severity in Relation to Length

of Stay

Direct medical costs are the medically related resources

used to directly provide treatment. Using sepsis as an ex-

ample, direct medical costs may include physician and

nursing care, medications administered, laboratory tests,

diagnostic imaging, intravenous supplies, hemodynamic

monitoring devices, and other general costs associated with

occupying an ICU bed. Over 3 decades of research and

crossing international borders, multiple studies have con-

sistently shown that the per-day hospital costs of sepsis are

high compared with other conditions that require ICU care,

costs increase as sepsis severity increases, and sepsis re-

quires a longer ICU stay compared with other conditions.

A French study from 1998 [38] followed patients pre-

senting to a single medical ICU with sepsis and found total

direct costs of €26,256, €35,185 and €27,083 (2001 €) for

sepsis, severe sepsis and septic shock, respectively. The

authors noted that cost differences were largely influenced

by length of stay and whether the syndrome was present

upon admission or acquired while in the ICU. When

comparing the daily cost of all patients according to

severity and mode of acquisition (patients who had sepsis

syndrome upon admission vs. patients who acquired the

syndrome while in the ICU), the costs generally went up as

severity increased. This difference was most significant for

those who acquired sepsis while in the ICU (Table 1).

Costs due to drugs, fluids and consumables increased as

sepsis severity increased (33, 41 and 44 % for sepsis,

severe sepsis and septic shock, respectively). The authors

concluded the biggest impact on the direct costs of sepsis is

its mode of acquisition (sepsis on admission vs. ICU-ac-

quired) as the latter patients had much longer length of

stays. This study also shows how the severity of sepsis can

impact the overall length of stay and how the length of stay

is a large contributor to the overall cost of care.

The increased direct cost of ICU acquired sepsis was

further supported in a review of six ICUs located in France

[39] from 1997 to 2000. The average cost of having severe

sepsis at ICU admission was €14,500 compared with the

average cost of €32,700 for acquiring sepsis while in the

ICU. Further, the average cost of severe sepsis was €22,800

compared with €9600 for ICU patients without severe

sepsis (2001 €). If a patient was admitted to the ICU with

severe sepsis, improved and subsequently developed a

secondary episode of severe sepsis, the average cost was

further increased to €36,600, and this difference was

largely driven by ICU length of stay. The overall ICU cost

per day remained greater for those with ICU-acquired

severe sepsis compared with severe sepsis at the time of

ICU admission (at least €1300 compared with €800) [40].

More recently, a 2007 German-based study looking at costs

within 51 ICUs found patients with sepsis to have a higher

daily ICU direct cost than patients without sepsis

[€1090 ± 422 vs. €745 ± 255 (2003 €), p\ 0.0001] [41].

Among a subset of patients with an underlying diagnosis of

cancer, there is again a significant difference between the

cost of caring for a patient without severe sepsis and caring

for a patient with severe sepsis [42, 43].

Length of stay was again noted to drive direct hospital

costs in a retrospective cohort study using Medicare patient

data from 2000 to 2002 [44]. Here ICU patients with severe

sepsis were compared with ICU patients without severe

sepsis. Severely septic patients spent almost twice as long

in the hospital as patients without severe sepsis (16.5 vs.

8.5 days) and more than twice as long in the ICU (10 vs.

Table 1 LOS (days), cost

(2001 €) and cost per day of all

septic patients, patients with

sepsis syndrome upon

admission or sepsis syndrome

acquired in the ICU

All patients Sepsis on ICU admission ICU-acquired sepsis

Patients with sepsis

LOS 37 29 58

Cost 26,256 17,261 39,908

Cost per day 710 595 688

Patients with severe sepsis

LOS 43 35 52.5

Cost 35,185 21,461 42,132

Cost per day 818 613 802

Patients with septic shock

LOS 34 25.2 48

Cost 27,083 17,705 44,851

Cost per day 796 702 934

ICU intensive care unit, LOS length of stay
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4.6 days). Total costs were 2.5 times higher (US$34,436

vs. US$13,895) and daily costs were US$2,087 and

US$1,635 per day for patients with severe sepsis and pa-

tients without severe sepsis, respectively (2002 dollars).

The difference in daily costs supports the conclusion that

severe sepsis is more expensive compared with an average

of other ICU admissions. On a daily basis, the cost of an

ICU bed, an ICU nurse, and physician is likely to be the

same regardless of the reason for admission. The difference

may be attributable to the number of drugs, fluids, lab tests

and ancillary services a severe sepsis patient utilizes.

3.1.2 Itemized Breakdown of Direct Costs

Further detail into the direct costs of sepsis was provided

by a Brazilian study that itemized cost according to allo-

cation blocks of clinical support services, consumables,

staff and hospital fee (Fig. 1) [45]. The authors found that

hospital fee only made up 12 % of the overall costs asso-

ciated with sepsis. The remaining blocks of clinical support

services, consumables and staff consumed 31, 36 and

21 %, respectively. In other words, 33 % of the costs were

as a result of hotel and staff costs. A breakdown analysis of

direct costs was also provided in the previously mentioned

German study from 2007 [41]. The top three expenditures

were staffing (55 % of total direct cost), medication (19 %

of total direct cost) and diagnostics (12 % of total direct

cost) (Fig. 2). A 2001 Swiss study identified a mean hos-

pitalization cost of 41,790 Swiss Francs (CHF)

(US$44,000) (2001 CHF and US$). Half of this cost was

the result of staffing costs and an additional 20 % was the

result of medication costs (Fig. 3) [46]. Additionally, the

authors found that the proportion of total costs attributed to

drugs, fluids and consumables increased with patient

severity, while the proportion of medical and nursing staff

costs decreased.

The studies above highlight the difficulty in comparing

the direct costs associated with severe sepsis. Depending

upon the study, the cost of staff alone varies between 21 %

[45] to 55 % [41]. This discrepancy can be explained by

non-uniform definitions of ‘‘staffing’’ between studies,

differing healthcare systems and reimbursement models,

and worldwide variability regarding staff compensation.

30.5% 

36% 

20.9% 

12.6% 

Percent direct costs in Brazilian ICUs 

Block 1

Block 2

Block 3

Block 4

Fig. 1 Direct costs from Brazilian intensive care units (ICUs). Data

obtained from [45]. Block 1 (30.5 %) = clinical support services:

electrophysiology (0.1 %), lab tests (1 %), cultures (0.3 %), par-

enteral and enteral nutrition (18.1 %), dialysis methods (3.4 %),

respiratory physiotherapy (0.7 %), invasive and noninvasive ventila-

tion (6.1 %), X-ray (0.8 %). Block 2 (36.1 %) = consumables:

intravenous or oral medications (including antibiotics) (32.8 %),

colloids (0.3 %), albumin (2.6 %), fresh frozen fresh plasma (0.1 %),

packed red blood cells (0.3 %). Block 3 (20.9 %) = staff: standard

monitoring (6 %), sample blood or other fluids collected (0.5 %),

central venous catheter (5.3 %), pulmonary artery catheter (1.7 %),

dialysis catheter (intravenous or peritoneal) (2.8 %), intracranial

pressure monitoring (0.01 %), arterial catheter (0.8 %), clothes

changes (1.7 %), caring for drainages (0.1 %), cardiopulmonary

resuscitation (0.1 %), tracheotomy (0.6 %), laparotomy (0.3 %),

neurosurgery (0.4 %), thoracotomy (0.2 %), other surgeries (0.1 %).

Block 4 (12.6 %) = hospital fees (12.6 %)

53% 

18% 

3% 

3% 

3% 

11% 

8% 

1% 

Percent direct costs in German ICUs 

Staff cost

Medica�on

An�bio�cs

Blood products

Invasive procedures

Diagnos�cs

Laboratory

Microbiology

Fig. 2 Direct costs in German intensive care units (ICUs). Data

obtained from [41]. Medication = drugs, fluids, nutrition. Invasive

procedures includes diagnostic procedures (including imaging), renal

replacement therapy, and mechanical ventilation

19% 

10% 

5% 

6% 

9% 

51% 

Percent direct cost per pa�ent in Switzerland 

Medica�on

Rou�ne labs

Microbiology

Consumables

Hotel costs

Staff costs

Fig. 3 Direct costs in Swiss intensive care units (ICUs). Data

obtained from [46]
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3.1.3 Impact of Drug Utilization on Cost

Medication utilization has the potential to impact the total

direct costs of severe sepsis. Opportunities to minimize

waste are worth implementing when trying to reduce costs.

Services like sedation stewardship, clinical pharmacist in-

volvement and specialized dietician participation may

mitigate cost [47–58].

Nazer et al. [59] recently evaluated medication utiliza-

tion and medication cost in cancer patients with sepsis and

septic shock admitted in 2010 to a single ICU in Jordan.

The number, type and total cost for each medication uti-

lized were retrospectively assessed. A total of 116 cases of

sepsis or septic shock were identified. The total cost of the

medications prescribed for this cohort of patients was

€291,030 and the mean number of medications prescribed

per patient was 11.7 (SD ±4.7) (2010 €). The most com-

monly prescribed medication classes were acid suppressive

therapy, antibacterial agents and vasopressors. The most

costly medications classes were antifungals, which were

prescribed in 55 patients (47.4 %), and colony stimulating

factors, which were prescribed in 37 patients (31.9 %).

Non-survivors had higher medication costs than survivors

(€3664 vs. €1430, p = 0.0001), a finding which has been

noted in prior studies [45].

Future therapies, such as novel biologics, may become

available that reduce the severity of illness for some pa-

tients. Once introduced into the marketplace, these thera-

pies are likely to be expensive and may not necessarily

have cost-neutral or cost-effective outcomes associated

with their use [60, 61]. Therefore, indiscriminate use in

patients with anticipated marginal benefits will skew the

cost discussion and ultimately limit or delay the develop-

ment and use of beneficial therapies [62, 63].

Such therapies, if considered a standard of care, would

benefit from judicious oversight over their utility [64].

Every health system must deal with these realities on the

basis of their unique circumstances, but rationing will ul-

timately occur along with the expected misapplication of

scarce resources and delay the development of the science

of medicine, to the detriment of all [65–67]. A goal of

health systems should be to ensure novel, expensive ther-

apy is applied to those patients who ultimately benefit [68].

3.2 Indirect Costs Associated with Severe Sepsis

Indirect non-medical costs are financial opportunities lost

as a result of productivity changes because of illness or

death and may include personal income lost during hos-

pitalization and subsequent outpatient recovery. Indirect

medical costs may include healthcare expenditures after

hospital discharge and can include durable medical

equipment or outpatient medication.

3.2.1 Productivity Loss

The sepsis syndrome has long-lasting and untoward effects

on both individuals and society in general, including non-

trivial productivity loss due to work absenteeism, sepsis

mortality and early retirement [46, 69]. Yearly productivity

loss in Germany due to temporary morbidity was conser-

vatively estimated to be €151 million (1998 prices), as-

suming 44,000 new severe sepsis cases per year [89].

Permanent morbidity due to severe sepsis cost €447 million,

and premature death cost €2024 million, with the total

indirect cost estimated at €2622 million per year. A Swiss

study conservatively estimated the indirect burden of dis-

ease to be CHF347 million per year (2001 prices) [75]. In

both studies, direct hospital costs made up only about 30 %

of the total cost, and productivity loss due to premature

death accounted for the largest portion of total cost (56 % in

the German paper and 67 % in the Swiss paper) (Figs. 4, 5).

Using the two studies above, one can extrapolate the

total (direct plus indirect) cost burden of severe sepsis in

the USA. The mean hospital cost per case of severe sepsis

in the USA is approximately US$20,000 [34], and ap-

proximately 1 million cases of severe sepsis are expected in

2014 [5]. The nationwide hospital cost is therefore ap-

proximately US$20 billion [34]. Assuming this represents

only 30 % of the economic burden of disease [46, 69], the

total cost of the disease to the USA is roughly US$67

billion per year. The total cost could be even higher if the

direct cost per case is revised upwards [9].

3.2.2 Healthcare Expenditure After Hospital Discharge

Other studies have estimated that the majority of healthcare

expenditure for an episode of severe sepsis occurs after

hospital discharge. Weycker et al. [70] estimated long-term

mortality and medical care charges among patients with

severe sepsis annually for 5 years after an index admission

for sepsis. Inpatient and outpatient medical and pharma-

ceutical charges were tracked. The mean cost of the index

admission was US$44,600. By 180 days after the index

admission, mean cumulative total medical charges were

US$68,300. At 1 year, 3 years and 5 years, the mean cu-

mulative total medical charges were US$78,500,

US$103,600 and US$118,800, respectively (Fig. 6).

A Canadian study of sepsis survivors found that the ma-

jority of healthcare costs in the year following discharge is

attributed to subsequent hospital admissions [71].

Survivors of severe sepsis utilize greater healthcare re-

sources compared with prior to their sepsis episode. This

was demonstrated in a recently published study where the

healthcare use of older severe sepsis survivors (mean age

78) was compared with their own pre-sepsis resource use

[34].
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This design helps to distinguish between resource uti-

lization due to patients’ propensity to use care and resource

utilization due to sequelae of severe sepsis. Patients spent a

median of 9 more days admitted to an inpatient healthcare

facility the year after surviving an episode of severe sepsis

compared with the year prior. The rate of hospitalization

6% 
3% 1% 

2% 3% 

15% 

2% 
1% 

67% 

Percent cost of severe sepsis in Switzerland 

Medica�on

Rou�ne laboratory tests

Microbiology

Consumables

Hotel costs

Staff costs

Produc�vity loss due to work absenteeism

Produc�vity loss due to early re�rement

Produc�vity loss due to premature death

Fig. 4 All costs of severe

sepsis in Switzerland. Data

obtained from [46]

11% 

3% 

1% 

1% 

2% 

10% 

4% 

12% 

56% 

Percent cost of severe sepsis in Germany 

Medica�on

Rou�ne Laboratory Tests

Microbiology

Disposables

Hotel Costs

Staff Costs

Produc�vity loss due to temporary morbidity

Produc�vity loss due to permanent morbidity

Produc�vity loss due to mortality

Fig. 5 Total costs of severe

sepsis in Germany. Data

obtained from [41]

Fig. 6 Cumulative total

medical care charges among

patients with severe sepsis, by

age at index admission. Charges

are given in 2000 US dollars.

Reprinted with permission from

Weycker et al. [70]
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was increased by 0.51 hospitalizations per patient-year, and

the rate of inpatient healthcare use was increased by 23.7

days per patient-year (Fig. 7). Additionally, only 20 % of

severe sepsis survivors remained alive for a full year after

severe sepsis without being rehospitalized.

4 Humanistic Cost of Sepsis

4.1 Mortality After Hospital Discharge

There is an increased risk of death after a sepsis episode

that persists up to 5 years after hospitalization [72, 73]. In

the study by Weycker et al. [70], mortality was 21.2 % for

the index admission, 51.4 % at 1 year and 74.2 % at

5 years. A recent systematic review of the literature noted

patients with sepsis have ongoing significant mortality

once discharged from the ICU and that 28-day mortality as

an end point for clinical studies may lead to inaccurate

inferences [74].

The mechanisms behind the increased mortality that

persists for years after an episode of sepsis are being in-

vestigated. Survivors of severe sepsis exhibit profound

immune suppression, deemed ‘‘post-septic immunosup-

pression’’, resulting in increased morbidity [74, 75]. Using

a mouse model, survivors of sepsis demonstrated 100 %

mortality when challenged 3 or 15 days post-sepsis re-

covery with intratracheal Aspergillus fumigatus. The in-

creased mortality correlated with changes in cytokines and

Toll-like receptor expression and alterations in lung

leukocyte populations. The authors speculate that the lung

becomes predisposed to nosocomial infections for extended

periods of time after severe sepsis via mechanisms that

include alterations in inflammatory cytokines and an in-

crease in immunomodulatory chemokines. Additionally,

there is mounting evidence that sepsis survivors have on-

going subclinical inflammation related to cytokine dys-

regulation, which is associated with an increased risk of

death [76].

4.2 The Post-Sepsis Syndrome

The post-sepsis syndrome refers to the constellation of

long-term physical and psychological problems experi-

enced by the sepsis survivor. This includes insomnia, hal-

lucinations, disabling muscle and joint pains, extreme

fatigue, poor concentration, decreased cognitive function-

ing, and loss of self-esteem [77, 78]. Much effort has been

directed to better understand the burden of problems borne

by the sepsis survivor.

In a landmark observational study published in 2010 in

JAMA, Iwashyna et al. [79] used data from the Health and

Retirement Study to identify 516 individuals who survived

severe sepsis hospitalizations and interviewed patients to

assess for discharge cognitive impairment after the index

hospitalization. The mean age at hospitalization was

77 years. The authors found that survivors of severe sepsis

had a clinically and statistically significant increase in

moderate to severe cognitive impairment. Among all sev-

ere sepsis survivors, 6.1 % had moderate to severe cogni-

tive impairment according to the survey just prior to severe

sepsis. The prevalence increased to 16.7 % after severe

sepsis (Fig. 8). Worsened cognitive or physical function

was seen in 59.3 % of survivors at the first post-sepsis

survey. After controlling for changes in level of cognitive

impairment after severe sepsis, 1.3 new functional limita-

tions were seen for patients without prior limitations, and

1.2 new limitations were seen for those with baseline mild

to moderate limitations. New deficits were relatively more

severe among patients who were in better health prior to

Fig. 7 Difference-in-

differences analysis of

healthcare use in the severe

sepsis and cohorts of patients

without sepsis. Reprinted with

permission of the American

Thoracic Society. Copyright�
2015 American Thoracic

Society. Prescott et al. [97]. The

American Journal of

Respiratory and Critical Care

Medicine is an official journal

of the American Thoracic

Society
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the index episode. When compared with other non-sepsis

hospitalizations, the cognitive and functional changes were

worse after severe sepsis. Patients hospitalized without

severe sepsis and no functional limitations prior to hospi-

talization developed an average of 0.48 new functional

limitations. Patients with mild to moderate functional

limitations at baseline developed 0.43 new functional

limitations after hospitalization which did not involve

sepsis.

Based upon the above study, Iwashyna et al. [72] sub-

sequently measured the absolute number of the population

of Medicare beneficiaries who survive at least 3 years after

an index severe sepsis episode in 2005 and estimated the

likely numbers with cognitive dysfunction and functional

disability. The absolute number of individuals that survived

severe sepsis by at least 3 years was found to be[600,000

individuals. The authors then estimated a substantial 2008

population burden of older adults with moderate to severe

cognitive impairment ([100,000 persons) and functional

impairment ([500,000 persons) after severe sepsis.

Recently published work has found a bidirectional re-

lationship exists between pneumonia and cognition which

may explain how a single episode of infection in well-

appearing older individuals accelerates decline in chronic

health conditions and loss of functional independence [80].

4.3 Quality of Life Among Sepsis Survivors

Within the last decade, several studies have attempted to

quantify the impact of sepsis on health-related quality of

life (HR-QoL) [74, 81–84]. Granja et al. [81] administered

the EuroQol five-dimension (EQ-5D) health-related ques-

tionnaire to 104 ICU sepsis survivors and 133 ICU non-

sepsis survivors. The authors reported in 2004 that sur-

vivors from severe sepsis and septic shock have a similar

EQ-5D to that of survivors from critical illness admitted

without sepsis at 6 months after ICU discharge. Sepsis

survivors reported significantly fewer problems in the

anxiety/depression dimension, and there were no sig-

nificant differences in the other dimensions.

However, more recent work casts doubt upon the find-

ings of the above study. In 2008, Hofhuis et al. [82] re-

ported a prospective study where 170 patients with severe

sepsis were administered the Short-Form 36 questionnaire

at ICU admission (via use of patient proxies), during hos-

pital stay and at 3 and 6 months after ICU discharge. The

results were compared with those of an age-matched gen-

eral Dutch population. A significant decline of HR-QoL

during ICU stay was noted for severe sepsis patients, with

gradual improvement during the 6 months after ICU dis-

charge. However, at 6 months, recovery was still incom-

plete in the physical functioning, role-physical and general

health dimensions compared with preadmission status. The

study also noted that severe sepsis patients frequently have

a lower HR-QoL before critical illness occurs, compared

with the general population.

In a 2009 paper, Karlsson et al. [83] investigated quality

of life before and after severe sepsis in adult patients in

Finland. The cumulative 2-year mortality was 1.5 times

higher than the hospital mortality. Severe sepsis survivors

had lower quality of life than the age- and sex-adjusted

population even 1.5 years after the index sepsis episode. In

Fig. 8 Cognitive impairment

among survivors of severe

sepsis at each survey time point

(95 % confidence intervals for

the proportions are shown).

Reprinted with permission from

Iwashyna et al. [79]
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keeping with prior studies, the quality of life in most pa-

tients before ICU admission was already lower than that in

the general population [83].

A systematic review of the literature published in 2010

concluded that survivors of sepsis consistently demonstrate

impaired quality of life [74]. The worsening quality of life

and increasing morbidity and mortality was consistently

seen across trials of all sizes, nationalities, varying seve-

rities of illness, and patient populations.

Symptoms of depression were recently evaluated in a

prospective longitudinal cohort study of 439 older Amer-

icans who had survived severe sepsis [84]. The prevalence of

substantial depressive symptoms was high among severe

sepsis survivors at 28 %, but interestingly this was not sig-

nificantly increased from the pre-sepsis baseline. However,

this percentage is considerably higher than the prevalence of

substantial depressive symptoms in the community and

correlates with prior studies that indicate patients who de-

velop severe sepsis have a lower HR-QoL at baseline.

The above studies highlight the ‘‘hidden public health

disaster’’ of long-term sepsis survival [85]. However, more

difficult to quantitate is the downstream social impact. Like

all life-threatening illnesses, severe sepsis can change

family dynamics, disrupt work or school, and bring a

household into financial hardship. Ongoing study is re-

quired to better understand and mitigate the untoward ef-

fects of the sepsis syndrome.

5 Conclusions

Severe sepsis is a common disease worldwide which has a

major impact on morbidity, mortality and costs of medical

care. Although inpatient costs for severe sepsis are high,

the majority (70 %) of medical costs occur beyond the

hospital. Medical costs are further compounded by a di-

minished quality of life for those afflicted and increased

caregiver burden [72, 86–88].

The post-sepsis syndrome is a major determinant of the

humanistic burden of the disease and affects previously

healthy patients as well. There is little information in the

existing medical literature regarding the incremental cost

for patients who suffer from the post-sepsis syndrome,

though upcoming studies may provide some insight [89].

The outcome of severe sepsis and associated costs are

very dependent on the sophistication and development of

the health systems within which patients reside. Among

less developed nations, excess mortality related to a lack of

application of ‘‘basic medical care’’ primarily afflicts

children. Large improvements in mortality for these

populations could be anticipated with small increases in

spending to provide basic medical care and access to health

facilities. In the developed world, excess mortality and

morbidity come at a high cost to an elderly population or

those already afflicted with serious chronic illness.

The outcomes for many patients, especially the elderly

and chronically ill, are poor despite already large expen-

ditures on the care of these patients, and further monetary

expenditures on behalf of this group are unlikely to sig-

nificantly improve outcomes [90]. Avoidance of ICU ac-

quired illness and optimal use of fluids and mechanical

ventilation are simple evidence-based strategies that can

reduce cost [91–93]. For the developed world, enhanced

patient selection for advanced medical care, especially in

the ICU, has great potential to alleviate suffering and re-

duce cost [93].

Considering the diminished quality of life and associ-

ated costs for many survivors, the concept of incremental

cost per quality-adjusted life-year is important from both

the patient-centric and societal perspective [83]. If the ef-

forts of friends, family or others called upon to fill in the

gaps in necessary care not provided by any part of the

health system were included in cost analyses, their pro-

ductivity loss would act as multipliers to the crude esti-

mates that do exist [94–96]. In developed countries, a

better understanding of the costs and outcomes of sepsis

may lead to improved allocation of healthcare resources

toward a goal of better health for all.

Acknowledgments The authors would like to thank Suzanne Gallup

for assistance in obtaining the rights for publishing of the figures

included in the manuscript.

Author contributions BT, EKD, WTM designed the study. All

authors contributed to literature search, acquisition of data, and the

analysis and interpretation of data. All authors participated in drafting

the article and approved the final version before publishing. BT and

WTM are the guarantors of the entire article.

Conflict of interest Authors have no conflict of interests. No

funding was received for the conduct of this study or preparation of

this manuscript.

References

1. Adhikari NKJ, Fowler RA, Bhagwanjee S, Rubenfeld GD. Cri-

tical care and the global burden of critical illness in adults. The

Lancet. 2010;376(9749):1339–46.

2. Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD,

et al. International study of the prevalence and outcomes of in-

fection in intensive care units. JAMA. 2009;302(21):2323–9.

3. Azoulay E, Alberti C, Legendre I, Buisson CB, Le Gall JR. Post-

ICU mortality in critically ill infected patients: an international

study. Intensive Care Med. 2005;31(1):56–63.

4. Gaieski DF, Edwards JM, Kallan MJ, Carr BG. Benchmarking

the incidence and mortality of severe sepsis in the United States.

Crit Care Med. 2013;41(5):1167–74.

5. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo

J, Pinsky MR. Epidemiology of severe sepsis in the United States:

analysis of incidence, outcome, and associated costs of care. Crit

Care Med. 2001;29(7):1303–10.

934 B. Tiru et al.



6. Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Rapid in-

crease in hospitalization and mortality rates for severe sepsis in

the United States: a trend analysis from 1993 to 2003. Crit Care

Med. 2007;35(5):1244–50.

7. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology

of sepsis in the United States from 1979 through 2000. N Eng J

Med. 2003;348(16):1546–54.

8. Wang HE, Shapiro NI, Angus DC, Yealy DM. National estimates

of severe sepsis in United States emergency departments. Crit

Care Med. 2007;35(8):1928–36.

9. Lagu T, Rothberg MB, Shieh MS, Pekow PS, Steingrub JS,

Lindenauer PK. Hospitalizations, costs, and outcomes of severe

sepsis in the United States 2003 to 2007. Crit Care Med.

2012;40(3):754–61.

10. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R.

Mortality related to severe sepsis and septic shock among

critically ill patients in Australia and New Zealand, 2000–2012.

JAMA. 2014;311(13):1308–16.

11. Vincent J-L, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Ger-

lach H, et al. Sepsis in European intensive care units: results of

the SOAP study. Crit Care Med. 2006;34(2):344–53.

12. Levy MM, Artigas A, Phillips GS, Rhodes A, Beale R, Osborn T,

et al. Outcomes of the surviving sepsis campaign in intensive care

units in the USA and Europe: a prospective cohort study. Lancet

Infect Dis. 2012;12(12):919–24.

13. Reade MC, Yende S, D’Angelo G, Kong L, Kellum JA, Barnato

AE, et al. Differences in immune response may explain lower

survival among older men with pneumonia. Crit Care Med.

2009;37(5):1655–62.

14. Yang Y, Yang KS, Hsann YM, Lim V, Ong BC. The effect of

comorbidity and age on hospital mortality and length of stay in

patients with sepsis. J Crit Care. 2010;25(3):398–405.

15. Martin GS, Mannino DM, Moss M. The effect of age on the

development and outcome of adult sepsis*. Crit Care Med.

2006;34(1):15–21.

16. Hodgin KE, Moss M. The epidemiology of sepsis. Curr Pharm

Des. 2008;14(19):1833–9.

17. Patel PR, Kallen AJ, Arduino MJ. Epidemiology, surveillance,

and prevention of bloodstream infections in hemodialysis patients.

Am J Kidney Dis Off J Nat Kidney Found. 2010;56(3):566–77.

18. Collins AJ, Foley RN, Herzog C, Chavers B, Gilbertson D,

Herzog C, et al. US Renal Data System 2012 Annual Data Re-

port. Am J Kidney Dis Off J Nat Kidney Found. 2013;61(1 Suppl

1):A7, e1–476.

19. Klevens RM, Edwards JR, Andrus ML, Peterson KD, Dudeck

MA, Horan TC. Dialysis Surveillance Report: National Health-

care Safety Network (NHSN)-data summary for 2006. Semin

Dial. 2008;21(1):24–8.

20. Kostakou E, Rovina N, Kyriakopoulou M, Koulouris NG,

Koutsoukou A. Critically ill cancer patient in intensive care unit:

issues that arise. J Crit Care. 2014;29(5):817–22.

21. Frere P, Baron F, Bonnet C, Hafraoui K, Pereira M, Willems E,

et al. Infections after allogeneic hematopoietic stem cell trans-

plantation with a nonmyeloablative conditioning regimen. Bone

Marrow Transplant. 2006;37(4):411–8.

22. Bock AM, Cao Q, Ferrieri P, Young JA, Weisdorf DJ. Bac-

teremia in blood or marrow transplantation patients: clinical risk

factors for infection and emerging antibiotic resistance. Biol

Blood Marrow Transplant J Am Soc Blood Marrow Transplant.

2013;19(1):102–8.

23. Arulkumaran N, West S, Chan K, Templeton M, Taube D, Brett

SJ. Long-term renal function and survival of renal transplant

recipients admitted to the intensive care unit. Clin Transplant.

2012;26(1):E24–31.

24. Watson RS, Carcillo JA, Linde-Zwirble WT, Clermont G,

Lidicker J, Angus DC. The epidemiology of severe sepsis in

children in the United States. Am J Respir Crit Care Med.

2003;167(5):695–701.

25. Hartman ME, Linde-Zwirble WT, Angus DC, Watson RS. Trends

in the epidemiology of pediatric severe sepsis*. Pediatr Crit Care

Med J Soc Crit Care Med World Fed Pediatr Intensive Crit Care

Soc. 2013;14(7):686–93.

26. Watson RS, Carcillo JA. Scope and epidemiology of pediatric

sepsis. Pediatr Crit Care Med J Soc Crit Care Med World Fed

Pediatr Intensive Crit Care Soc. 2005;6(3 Suppl):S3–5.

27. Czaja AS, Zimmerman JJ, Nathens AB. Readmission and late

mortality after pediatric severe sepsis. Pediatrics.

2009;123(3):849–57.

28. Wolfler A, Silvani P, Musicco M, Antonelli M, Salvo I. Incidence

of and mortality due to sepsis, severe sepsis and septic shock in

Italian Pediatric Intensive Care Units: a prospective national

survey. Intensive Care Med. 2008;34(9):1690–7.

29. Skippen P, Kissoon N, Waller D, Northway T, Krahn G. Sepsis

and septic shock: progress and future considerations. Indian J

Pediatr. 2008;75(6):599–607.

30. Lawn JE, Cousens S, Zupan J. 4 million neonatal deaths: when?

where? why? Lancet. 2005;365(9462):891–900.

31. Acosta CD, Knight M, Lee HC, Kurinczuk JJ, Gould JB, Lyndon A.

The continuum of maternal sepsis severity: incidence and risk factors

in a population-based cohort study. PloS One. 2013;8(7):e67175.

32. Callaghan WM, Mackay AP, Berg CJ. Identification of severe

maternal morbidity during delivery hospitalizations, United

States, 1991–2003. Am J Obstet Gynecol. 2008;199(2):133 e1–8.

33. Torio CM (AHRQ) ARA. National inpatient hospital costs: the

most expensive conditions by Payer, 2011. HCUP Statistical

Brief #160.: Agency for Healthcare Research and Quality,

Rockville, MD.; 2013 [cited 2014 September]. Available from:

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb160.pdf. Ac-

cessed 23 Sept 2014.

34. Statistics UDoLBoL. [cited 2014 September]. Available from:

http://www.bls.gov. Accessed 23 Sept 2014.

35. Hsu B, editor. Healthcare costs, resource use, and mortality rates

for sepsis in teaching versus non-teaching hospitals. 2013 AAP

National Conference and Exhibition; 2013: American Academy

of Pediatrics.

36. (HCUP) HDHCaUP. Overview of the National (Nationwide)

Inpatient Sample (NIS): Agency for Healthcare Research and

Quality, Rockville, MD; 2014 [cited 2014 September]. Available

from: http://www.hcup-us.ahrq.gov/nisoverview.jsp. Accessed 23

Sept 2014.

37. Walkey AJ, Wiener RS. Hospital case volume and outcomes

among patients hospitalized with severe sepsis. Am J Respir Crit

Care Med. 2014;189(5):548–55.

38. Brun-Buisson C, Roudot-Thoraval F, Girou E, Grenier-Sennelier

C, Durand-Zaleski I. The costs of septic syndromes in the in-

tensive care unit and influence of hospital-acquired sepsis. In-

tensive Care Med. 2003;29(9):1464–71.

39. Adrie C, Alberti C, Chaix-Couturier C, Azoulay E, De Lassence

A, Cohen Y, et al. Epidemiology and economic evaluation of

severe sepsis in France: age, severity, infection site, and place of

acquisition (community, hospital, or intensive care unit) as de-

terminants of workload and cost. J Crit Care. 2005;20(1):46–58.

40. Sznajder M, Leleu G, Buonamico G, Auvert B, Aegerter P,

Merliere Y, et al. Estimation of direct cost and resource allocation

in intensive care: correlation with Omega system. Intensive Care

Med. 1998;24(6):582–9.

41. Moerer O, Plock E, Mgbor U, Schmid A, Schneider H, Wis-

chnewsky MB, et al. A German national prevalence study on the

cost of intensive care: an evaluation from 51 intensive care units.

Crit Care. 2007;11(3):R69.

42. Williams MD, Braun LA, Cooper LM, Johnston J, Weiss RV,

Qualy RL, et al. Hospitalized cancer patients with severe sepsis:

The Economic and Humanistic Burden of Severe Sepsis 935

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb160.pdf
http://www.bls.gov
http://www.hcup-us.ahrq.gov/nisoverview.jsp


analysis of incidence, mortality, and associated costs of care. Crit

Care. 2004;8(5):R291–8.

43. Braun L, Riedel AA, Cooper LM. Severe sepsis in managed care:

analysis of incidence, one-year mortality, and associated costs of

care. J Manag Care Pharm JMCP. 2004;10(6):521–30.

44. Ernst FR, Malatestinic WN, Linde-Zwirble WT. Evaluating the

clinical and financial impact of severe sepsis with Medicare or

other administrative hospital data. Am J Health Syst Pharm AJHP

Off J Am Soc Health Syst Pharm. 2006;63(6):575–81.

45. Sogayar AM, Machado FR, Rea-Neto A, Dornas A, Grion CM,

Lobo SM, et al. A multicentre, prospective study to evaluate costs

of septic patients in Brazilian intensive care units. Pharma-

coeconomics. 2008;26(5):425–34.

46. Schmid A, Pugin J, Chevrolet JC, Marsch S, Ludwig S, Stocker

R, et al. Burden of illness imposed by severe sepsis in Switzer-

land. Swiss Med Wkly. 2004;134(7–8):97–102.

47. Kaakeh R, Sweet BV, Reilly C, Bush C, DeLoach S, Higgins B,

et al. Impact of drug shortages on U.S. health systems. Am J

Health Syst Pharm AJHP Off J Am Soc Health Syst Pharm.

2011;68(19):1811–9.

48. Fox ER, Birt A, James KB, Kokko H, Salverson S, Soflin DL.

ASHP guidelines on managing drug product shortages in hospi-

tals and health systems. Am J Health Syst Pharm AJHP Off J Am

Soc Health Syst Pharm. 2009;66(15):1399–406.

49. Blum RM, Stevens CA, Carter DM, Hussey AP, Marquis KA,

Torbic H, et al. Implementation of a dexmedetomidine steward-

ship program at a tertiary academic medical center. Ann Phar-

macother. 2013;47(11):1400–5.

50. Ho CK, Mabasa VH, Leung VW, Malyuk DL, Perrott JL.

Assessment of clinical pharmacy interventions in the intensive

care unit. Can J Hosp Pharm. 2013;66(4):212–8.

51. Aljbouri TM, Alkhawaldeh MS, Abu-Rumman AE, Hasan TA,

Khattar HM, Abu-Oliem AS. Impact of clinical pharmacist on

cost of drug therapy in the ICU. Saudi Pharm J SPJ Off Publ

Saudi Pharm Soc. 2013;21(4):371–4.

52. Saokaew S, Maphanta S, Thangsomboon P. Impact of pharma-

cist’s interventions on cost of drug therapy in intensive care unit.

Pharm Pract. 2009;7(2):81–7.

53. Jiang SP, Zhu ZY, Wu XL, Lu XY, Zhang XG, Wu BH. Effec-

tiveness of pharmacist dosing adjustment for critically ill patients

receiving continuous renal replacement therapy: a comparative

study. Ther Clin Risk Manag. 2014;10:405–12.

54. Kane SL, Weber RJ, Dasta JF. The impact of critical care phar-

macists on enhancing patient outcomes. Intensive Care Med.

2003;29(5):691–8.

55. Zaidi ST, Hassan Y, Postma MJ, Ng SH. Impact of pharmacist

recommendations on the cost of drug therapy in ICU patients at a

Malaysian hospital. Pharm World Sci PWS. 2003;25(6):299–302.

56. Kopp BJ, Mrsan M, Erstad BL, Duby JJ. Cost implications of and

potential adverse events prevented by interventions of a critical

care pharmacist. Am J Health Syst Pharm AJHP Off J Am Soc

Health Syst Pharm. 2007;64(23):2483–7.

57. Soguel L, Revelly JP, Schaller MD, Longchamp C, Berger MM.

Energy deficit and length of hospital stay can be reduced by a

two-step quality improvement of nutrition therapy: the intensive

care unit dietitian can make the difference. Crit Care Med.

2012;40(2):412–9.

58. Merritt CL. Clinical imperative versus economic consequence:

exploring the cost burden and opportunities in the care of patients

with sepsis. Nurs Adm Q. 2011;35(1):61–7.

59. Nazer L, Al-Shaer M, Hawari F. Drug utilization pattern and cost

for the treatment of severe sepsis and septic shock in critically ill

cancer patients. Int J Clin Pharm. 2013;35(6):1245–50.

60. Burton T. Can hospitals afford not to prescribe Eli Lilly’s pricey

sepsis drug Xigris? Wall Str J. 2001. http://www.wsj.com/

articles/SB1000161406176046858. Accessed 20 Oct 2014.

61. Sanger-Katz M (2014 AHPSWFHCCISHTNYTRfhwn. The New

York Times. 2014, 2 Aug 2014.

62. Holder AL, Huang DT. A dream deferred: the rise and fall of

recombinant activated protein C. Crit Care. 2013;17(2):309.

63. Wenzel RP, Edmond MB. Septic shock—evaluating another

failed treatment. N Eng J Med. 2012;366(22):2122–4.

64. Poole D, Bertolini G, Garattini S. Errors in the approval process and

post-marketing evaluation of drotrecogin alfa (activated) for the

treatment of severe sepsis. Lancet Infect Dis. 2009;9(1):67–72.

65. Regalado A. To sell pricey drug, Eli Lilly fuels a debate over

rationing. Wall Str J. 2003. http://www.wsj.com/articles/

SB106382950695778600. Accessed 20 Oct 2014.

66. Cornes P. The economic pressures for biosimilar drug use in

cancer medicine. Target Oncol. 2012;7(Suppl 1):S57–67.

67. Rosner F. Allocation or misallocation of limited medical re-

sources. Cancer Investig. 2004;22(5):810–2.

68. Fojo T, Mailankody S, Lo A. Unintended consequences of ex-

pensive cancer therapeutics—the pursuit of marginal indications

and a me-too mentality that stifles innovation and creativity: the

John Conley Lecture. JAMA Otolaryngol Head Neck Surg.

2014;140(12):1225–36.

69. Schmid A, Burchardi H, Clouth J, Schneider H. Burden of illness

imposed by severe sepsis in Germany. Eur J Health Econ HEPAC

Health Econ Prev Care. 2002;3(2):77–82.

70. Weycker D, Akhras KS, Edelsberg J, Angus DC, Oster G. Long-

term mortality and medical care charges in patients with severe

sepsis. Crit Care Med. 2003;31(9):2316–23.

71. Lee H, Doig CJ, Ghali WA, Donaldson C, Johnson D, Manns B.

Detailed cost analysis of care for survivors of severe sepsis. Crit

Care Med. 2004;32(4):981–5.

72. Iwashyna TJ, Cooke CR, Wunsch H, Kahn JM. Population bur-

den of long-term survivorship after severe sepsis in older

Americans. J Am Geriatr Soc. 2012;60(6):1070–7.

73. Sepsis Alliance. What is post-sepsis syndrome [cited 2014

September]. Available from: http://www.sepsisalliance.org/

sepsis/post_sepsis_syndrome/. Accessed 26 Sept 2014.

74. Winters BD, Eberlein M, Leung J, Needham DM, Pronovost PJ,

Sevransky JE. Long-term mortality and quality of life in sepsis: a

systematic review. Crit Care Med. 2010;38(5):1276–83.

75. Quartin AA, Schein RM, Kett DH, Peduzzi PN. Magnitude and

duration of the effect of sepsis on survival. Department of

Veterans Affairs Systemic Sepsis Cooperative Studies Group.

JAMA. 1997;277(13):1058–63.

76. Yende S, D’Angelo G, Kellum JA, Weissfeld L, Fine J, Welch

RD, et al. Inflammatory markers at hospital discharge predict

subsequent mortality after pneumonia and sepsis. Am J Respir

Crit Care Med. 2008;177(11):1242–7.

77. Myhren H, Ekeberg O, Stokland O. Health-related quality of life

and return to work after critical illness in general intensive care

unit patients: a 1-year follow-up study. Crit Care Med.

2010;38(7):1554–61.

78. Oeyen SG, Vandijck DM, Benoit DD, Annemans L, Decruye-

naere JM. Quality of life after intensive care: a systematic review

of the literature. Crit Care Med. 2010;38(12):2386–400.

79. Iwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cog-

nitive impairment and functional disability among survivors of

severe sepsis. JAMA. 2010;304(16):1787–94.

80. Shah FA, Pike F, Alvarez K, Angus D, Newman AB, Lopez O,

et al. Bidirectional relationship between cognitive function and

pneumonia. Am J Respir Crit Care Med. 2013;188(5):586–92.

81. Granja C, Dias C, Costa-Pereira A, Sarmento A. Quality of life of

survivors from severe sepsis and septic shock may be similar to

that of others who survive critical illness. Crit Care.

2004;8(2):R91–8.

82. Hofhuis JG, Spronk PE, van Stel HF, Schrijvers AJ, Rommes JH,

Bakker J. The impact of severe sepsis on health-related quality of

936 B. Tiru et al.

http://www.wsj.com/articles/SB1000161406176046858
http://www.wsj.com/articles/SB1000161406176046858
http://www.wsj.com/articles/SB106382950695778600
http://www.wsj.com/articles/SB106382950695778600
http://www.sepsisalliance.org/sepsis/post_sepsis_syndrome/
http://www.sepsisalliance.org/sepsis/post_sepsis_syndrome/


life: a long-term follow-up study. Anesth Analg.

2008;107(6):1957–64.

83. Karlsson S, Ruokonen E, Varpula T, Ala-Kokko TI, Pettila V.

Long-term outcome and quality-adjusted life years after severe

sepsis. Crit Care Med. 2009;37(4):1268–74.

84. Davydow DS, Hough CL, Langa KM, Iwashyna TJ. Symptoms of

depression in survivors of severe sepsis: a prospective cohort

study of older Americans. Am J Geriatr Psychiatry Off J Am

Assoc Geriatr Psychiatry. 2013;21(9):887–97.

85. Angus DC. The lingering consequences of sepsis: a hidden public

health disaster? JAMA. 2010;304(16):1833–4.

86. Adelman RD, Tmanova LL, Delgado D, Dion S, Lachs MS. Care-

giver burden: a clinical review. JAMA. 2014;311(10):1052–60.

87. Van Pelt DC, Schulz R, Chelluri L, Pinsky MR. Patient-specific,

time-varying predictors of post-ICU informal caregiver burden:

the caregiver outcomes after ICU discharge project. Chest.

2010;137(1):88–94.

88. Van Pelt DC, Milbrandt EB, Qin L, Weissfeld LA, Rotondi AJ,

Schulz R, et al. Informal caregiver burden among survivors of

prolonged mechanical ventilation. Am J Respir Crit Care Med.

2007;175(2):167–73.

89. Paratz JD, Kenardy J, Mitchell G, Comans T, Coyer F, Thomas P,

et al. IMPOSE (IMProving Outcomes after Sepsis)—the effect of a

multidisciplinary follow-up service on health-related quality of life

in patients postsepsis syndromes—a double-blinded randomised

controlled trial: protocol. BMJ Open. 2014;4(5):e004966.

90. Zampieri FG, Colombari F. The impact of performance status and

comorbidities on the short-term prognosis of very elderly patients

admitted to the ICU. BMC Anesthesiol. 2014;14:59.

91. Wiedemann HP, Wheeler AP, Bernard GR, Thompson BT,

Hayden D, deBoisblanc B, et al. Comparison of two fluid-man-

agement strategies in acute lung injury. N Eng J Med.

2006;354(24):2564–75.

92. Raghunathan K, McGee WT, Higgins T. Importance of intra-

venous fluid dose and composition in surgical ICU patients. Curr

Opin Crit Care. 2012;18(4):350–7.

93. Ventilation with lower tidal volumes as compared with traditional

tidal volumes for acute lung injury and the acute respiratory

distress syndrome. The Acute Respiratory Distress Syndrome

Network. N Eng J Med. 2000;342(18):1301–8.

94. Sevick MA, Bradham DD. Economic value of caregiver effort in

maintaining long-term ventilator-assisted individuals at home.

Heart Lung J Crit Care. 1997;26(2):148–57.

95. Hanly P, Ceilleachair AO, Skally M, O’Leary E, Kapur K,

Fitzpatrick P, et al. How much does it cost to care for survivors of

colorectal cancer? Caregiver’s time, travel and out-of-pocket

costs. Support Care Cancer Off J Multinat Assoc Support Care

Cancer. 2013;21(9):2583–92.

96. van den Berg B, Al M, van Exel J, Koopmanschap M, Brouwer

W. Economic valuation of informal care: conjoint analysis ap-

plied in a heterogeneous population of informal caregivers. Value

Health J Int Soc Pharmacoecon Outcomes Res.

2008;11(7):1041–50.

97. Prescott HC, Langa KM, Liu V, Escobar GJ, Iwashyna TJ. In-

creased 1-year healthcare use in survivors of severe sepsis. Am J

Respir Crit Care Med. 2014;190(1):62–9.

The Economic and Humanistic Burden of Severe Sepsis 937


	The Economic and Humanistic Burden of Severe Sepsis
	Abstract
	Introduction
	Severe Sepsis in Adults
	Sepsis in Children
	Maternal Sepsis

	Methods
	Economic Burden of Sepsis
	Direct Costs Associated with Severe Sepsis
	Sepsis Onset and Severity in Relation to Length of Stay
	Itemized Breakdown of Direct Costs
	Impact of Drug Utilization on Cost

	Indirect Costs Associated with Severe Sepsis
	Productivity Loss
	Healthcare Expenditure After Hospital Discharge


	Humanistic Cost of Sepsis
	Mortality After Hospital Discharge
	The Post-Sepsis Syndrome
	Quality of Life Among Sepsis Survivors

	Conclusions
	Acknowledgments
	References




