
1SCIeNTIFIC REPoRTS |  (2018) 8:4509  | DOI:10.1038/s41598-018-22754-3

www.nature.com/scientificreports

Factors Associated With Short and 
Long Term Cognitive Changes in 
Patients With Sepsis
Allan J. C. Calsavara1,2, Priscila A. Costa1, Vandack Nobre2,3 & Antonio L. Teixeira2,4

This study aimed to assess cognition in patients with severe sepsis or septic shock and whether 
cognitive impairment was associated with clinical and laboratory parameters. We conducted a 
cohort study of patients with severe sepsis and septic shock evaluated within 24 h and one year 
after ICU discharge. Demographic, clinical and laboratory data were analyzed, and the following 
neuropsychological tests were applied: Consortium to Establish Registry for Alzheimer’s Disease, Mini-
Mental State Examination, and Trail Making Test forms A and B. We included 33 patients, mean age 
of 49, 19% were female. Patients underperformed on most measures 24 h after ICU discharge, with 
improvement on follow-up. IQCODE, APACHE II scores, NSE and IFN-γ levels at ICU discharge were 
associated with poor cognitive performance, while higher educational level was associated with good 
cognitive performance. The time to first antibiotic dose, accumulated dose of haloperidol during UCI 
stay and mean glycemia were also associated with poor cognitive outcome. In general, patients with 
severe sepsis or septic shock have cognitive impairment that can improve over time. This improvement 
was associated with factors identified during their ICU stay, such as cognitive reserve, educational level, 
mean glycemia during ICU stay and NSE level.

It is estimated that annually 31.5 million people have sepsis and 19.4 million have severe sepsis, with a hos-
pital mortality of 17% and 26%, respectively1. Among survivors, a high percentage experiences physical and 
psychological sequelae, including cognitive impairment2. On May 2017, the Word Health Organization (WHO) 
recognized sepsis as a Global Health Priority and was committed to improve the prevention, diagnosis, and man-
agement of sepsis3.

Septic associated encephalopathy (SAE) is a condition characterized by cognitive dysfunction due to sepsis, 
without the presence of infection in the central nervous system or structural brain injury after excluding meta-
bolic causes. This cognitive dysfunction is defined by new or exacerbation of preexisting deficits in global cogni-
tion or executive function4.

In a recent systematic review, we found that several factors are implicated in the occurrence of cognitive 
impairment in the context of sepsis5. Pre-sepsis depressive symptoms, number of hospital visits due to infection, 
temporal proximity to the latest episode of sepsis, length of hospitalization, among others, have been proved to be 
risk factors for SAE6,7. Conversely, length of stay in the intensive care unit (ICU), number of days on mechanical 
ventilation, APACHE II, and SOFA scores, patient’s age, family history of psychiatric illness, and substance abuse 
were among factors that were not shown to be associated with cognitive impairment after sepsis7,8.

To the best of our knowledge, no study has been specifically designed to assess the risk factors associated with 
the development of post-sepsis cognitive impairment5. It is worth mentioning that there is no consensus regard-
ing the most appropriate neuropsychological tests for identification and/or follow-up of SAE.

In this context, this study aimed at comprehensively describing the characteristics of cognitive impairment 
in patients after severe sepsis or septic shock and to explore factors potentially associated with it in the short and 
long terms. The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD), as a measure of global 
cognition, and the Trail Making Test (TMT), as a measure of executive function, were used to provide reliable and 
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valid assessment of cognitive changes after sepsis. Besides clinical measures, inflammatory and neuronal-related 
biomarkers were measured due to their potential role in cognition.

We hypothesized that factors associated with the severity of the sepsis (e.g. APACHE, dose of certain drugs 
such as noradrenaline, requirement of mechanical ventilation and hemodialysis) could contribute to different 
weights in cognitive performance of septic patients.

Results
Demographic and clinical characteristics. Of the 658 consecutive patients admitted in ICU, a total of 80 
patients had severe sepsis or septic shock during the study period, 33 patients were initially identified as eligible 
and were evaluated within 24 h after ICU discharge. Sixteen of them (48%) were re-evaluated around one year 
of discharge [median 393 days]. The reasons for non-inclusion are reported in Fig. 1, and included: (1) absence 
of severe sepsis or septic shock during ICU stay, (2) death before ICU discharge, (3) tracheostomy, (4) prior or 

Figure 1. Flowchart detailing inclusion and exclusion of patients and protocol of study.
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current neurological diseases. Comparison of demographic and clinical characteristics between patients re-eval-
uated and not re-evaluated in one year follow-up showed that these groups do not present significant differences 
in their baseline characteristics (see Supplementary Table. S1).

The main clinical and demographic characteristics of the included patients are shown in Table 1. The median 
APACHE II score of patients included in the study was 16 (12.5–20.5). Most patients had septic shock (75.8%) 
and in one third of them the site of infection was the lower respiratory tract.

Among 17 patients that were not re-evaluated in one year, five died during hospitalization, three died after 
hospital discharge, three presented exclusion criteria at the time of re-evaluation, three refused to participate and 
three were not localized (Fig. 1).

Cognitive performance. In comparison with normative data, patients underperformed on MMSE and con-
structional praxis 24 h after ICU discharge, and on constructional praxis one year after discharge (Table 2). As 
expected, there was a significant increase in the score of several subtests one year after UCI discharge, the excep-
tions being the Boston Naming test and the constructional praxis test.

In addition to the CERAD battery, the TMT forms A and B were applied (Table 3). A considerable number 
of patients could not even finish the TMT before the maximum time of five minutes traditionally allotted for the 
task. Although there was a significant reduction in the average time required in the tests one year after discharge, 
just one patient had a normal score in the TMT form A in the re-evaluation. Similarly, no patient could run the 
TMT form B within the expected time either 24 hours after discharge from the ICU or in the revaluation.

Age at sepsis (years) 49.0 ± 15.2

Female 19 (57.6)

Education (years) 7 (4–8)

APACHE II Score 16.0 (12.5–20.5)

SOFA Score at ICU admission 6 (5–9)

Administration of antimicrobial after recognition 
of septic shock or severe sepsis (hours) 2.5 (1.4–8.2)

ICU length of stay (days) 6 (4–13)

Laboratory at admission in ICU

  HGB (g/dL) 9.7 (8.7–11.2)

  Creatinine (mg/dL) 0.9 (0.6–1.8)

  Lactate (mmol/L) 1.9 (1.0–2.6)

  CRP (mg/dL) 232.5 ± 128.5

  Mean blood glucose during stay in ICU (mg/dL) 135.0 ± 36.7

Septic shock 25 (75.8)

Sites of infection

  Lung 11 (33.3)

  Intra-abdominal 6 (18.2)

  Urinary tract 5 (15.2)

  Catheter 5 (15.2)

  Skin 2 (6.1)

  Unknown 4 (12.1)

Positive blood culture 13 (39.4)

Comorbid diseases

  Congestive heart failure 3 (9.1)

  Chronic renal failure 6 (18.2)

  Arterial hypertension 15 (48.5)

  Diabetes mellitus 9 (28.1)

IQCODE 3.10 (3.00–3.47)

Cumulative dose

  Midazolam (mg) 180.0 (95.0–1130)

  Fentanyl (μg) 3170.0 (620.0–
9992.5)

  Noradrenaline (mg) 35.5 (10.0–62.0)

  Dobutamine (mg) 1679.2 ± 1416.3

  Haloperidol (mg) 7.5 (2.5–26.7)

Need for corticosteroids in the first 72 h 6 (18.0)

Need for mechanical ventilation in the first 72 h 20 (60.6)

Need for hemodialysis in the first 72 h 3 (9.1)

Table 1. Clinical and demographic characteristics of patients included in the study (n = 33). Data presented as 
mean ± SD, N (%) or median (IQR25–75).
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We performed marginal regressions for the total score of the CERAD battery and for the MMSE. The models 
could explain 52.2% of the CERAD variance and 44.9% of the MMSE variance (Tables 4 and 5).

Patients presented in the second evaluation a mean ± SD CERAD total score of 62.9 ± 8.9, 30% higher than in 
the first assessment. IQCODE, APACHE II score, NSE and IFN-γ serum levels at ICU discharge were associated 
with poor cognitive performance, while higher educational level was associated with good cognitive performance 
(Table 4).

Patients presented in the second evaluation a mean ± SD MMSE score of 25 ± 2.7, 19% higher than in the first 
assessment. The interval from recognition of severe sepsis or septic shock to the initial administration of antibi-
otic, accumulated dose of haloperidol during ICU stay and mean blood glucose throughout the ICU stay were 
associated with poor cognitive performance, while IL-6 on discharge and educational level were associated with 
good cognitive performance (Table 5).

Exploratory analysis for biomarkers. Correlational analysis was used to explore the possibly of linear 
correlation between biomarkers and cognitive performance evaluated by the CERAD battery (Table 6). BDNF 
correlated positively with praxis recall. Negative correlations were found between IL-4 and MMSE, IL-6 and 

24 h after ICU discharge1 1 year after ICU discharge1 24 h vs. 1 year2

n M SD t p n M SD t p t p

Verbal Fluency 33 9.79 4.26 −1.63 0.056 16 12.88 4.32 1.74 0.948 −2.36 0.025

Modified Boston Naming 
Test 33 11.12 2.98 −1.70 0.05 16 11.56 1.97 −0.89 0.193 −0.54 0.594

MMSE 33 21.21 4.70 −5.85 <0.001 16 25.00 2.66 −1.51 0.077 −3.59 0.001

Word List Learning 33 13.55 4.81 0.65 0.742 16 18.00 4.08 4.90 1.000 −3.19 0.003

Word List Recall 33 3.27 2.67 0.59 0.717 16 4.94 2.26 3.42 0.998 −2.14 0.037

Word List Recognition 
Discriminability 33 6.45 3.40 −0.92 0.180 16 8.50 1.67 3.59 0.999 −2.82 0.007

Constructional praxis 33 6.33 2.87 −5.34 <0.001 16 7.06 1.48 −5.23 <0.001 −0.95 0.345

Praxis Recall 33 3.45 2.66 −1.18 0.122 16 5.31 2.68 1.96 0.965 −2.29 0.027

Table 2. Mean score obtained in CERAD battery subtests 24 h after discharge from ICU and after 1 year. The 
means were compared with expected cutoff point at each evaluation and between the cognitive assessments. 
1One-Sample t-Test, one-tailed probability P (Hypothesized mean > sample mean). 2Independent-Samples 
t-Test. M = median, SD = standard deviation.

24 h after ICU 
discharge

1 year after ICU 
discharge

p-value 24 h 
vs. 1 year

Trail Making Test A

Patients who required less than 300 seconds 
to complete the test N (%) 21 (63.6) 13 (81.3%) 0.324

Time to complete trail (s) 157.00 (98,5–276,8) 74.0 (56,5–150,5) 0.007

Not impairment time or error score, N (%) 1 (3.8) 1 (6.3) 1.000

Trail Making Test B

Patients who required less than 300 seconds 
to complete the test N (%) 9 (27.3) 5 (31.2) 1.000

Time to complete trail (s) 228.5 (117.0–300.0) 110.5 (90,0–182.0) 0.009

Not impairment time or error score, N (%) 0 (0.0) 0 (0.0)

Table 3. Performance of patients on Trial Making Test Form A and B.

Variable β SE (β) O.R. C.I. 95% p-Value

Intercept 4.128 0.170 — — 0.000

IQCODE −0.112 0.048 0.89 [0.81–0.98] 0.020

NSE at discharge/10 −0.091 0.037 0.91 [0.85–0.98] 0.013

IFN-γ at discharge/10 −0.302 0.041 0.74 [0.68–0.80] 0.000

Education, years/10 0.222 0.048 1.25 [1.14–1.37] 0.000

APACHE II −0.011 0.004 0.99 [0.98–0.99] 0.005

Re-evaluation about 1 year 0.260 0.052 1.30 [1.17–1.44] 0.000

Table 4. Association between selected variables and CERAD total score in patients with severe sepsis and septic 
shock. R² = 52.2%; Large VIF = 1.82. SE: standard error, OR: odds ratio, C.I. confidence interval, NSE: neuron 
specific enolase.
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MMSE, word list learning, word list recognition discriminability, constructional praxis, and CERAD total score, 
IL-10 and word list learning and praxis recall, TNF and word list recognition discriminability, CERAD total score 
and word list learning (Fig. 2).

Discussion
Our study showed that patients who survived sepsis underperformed on MMSE and constructional praxis 24 h 
after ICU discharge. After one year, there were improvements in all cognitive tests, except in the constructional 
praxis. Patients’ performance on the CERAD was influenced by IQCODE, serum levels of NSE and IFN-γ at UCI 
discharge, and APACHE II, while performance on MMSE was influenced by IL-6 at ICU discharge, time between 
sepsis diagnosis and antibiotics, haloperidol, mean blood glucose level during ICU stay. Both tests were influ-
enced by level of education and time after ICU discharge.

To the best of our knowledge this is the first study on SAE that employed the CERAD. CERAD has several 
advantages in comparison to batteries and tests previously used to evaluated global cognitive function in patients 
with severe sepsis and septic shock, such as CAM-ICU9–11, MMSE12–14, m-TICS6,15. First, CERAD is considered 
a robust test, being less influenced by language and cultural differences16–18. Second, CERAD has been shown to 
have a single factor structure, supporting our goal to use a global cognition score that could differentiate patients 
with cognitive impairment and ‘normal’ subjects19,20. At last, CERAD had a better predictive capacity than MMSE 
on the current study, as demonstrated by a greater marginal R2, a measure of how well observed outcomes are 
replicated by the model. Altogether, CERAD seems to be a promising tool for cognitive evaluation in SAE.

In order to strengthen the cognitive assessment, we also applied TMT forms A and B. Nevertheless, TMT did 
not provide satisfactory information as almost all patients were unable to perform the test within the maximum 
time both at ICU discharge and at re-evaluation. Accordingly, TMT does not seem an adequate tool for cognitive 
evaluation of patients with SAE.

Our study found some parameters associated with SAE. Serum concentration of IL-6 at discharge, time after 
ICU discharge, time between sepsis diagnosis and antibiotic administration, cumulative dose of haloperidol and 
mean levels of blood glucose during ICU stay affected the performance of these patients on MMSE. Among 
these variables, attention should be given to blood glucose levels during ICU stay. It is well established that gly-
cemic control in ICU is able to improve outcomes in critically ill patients21, and it is also known that glucose and 
insulin are important modulators of cognitive function22–24. Indeed, prevention of hyperglycemia in critically ill 
patients seems to be a promising neuroprotective strategy capable of preventing both acute cognitive dysfunction 
as long-term cognitive dysfunction in survivors25. To the best of our knowledge this is the first study that showed 
the relationship between glycemic control and cognitive performance in patients with severe sepsis and septic 
shock, suggesting an additional benefit of glycemic control as measure with potentially neuroprotective effect.

Haloperidol, a first-generation antipsychotic medication, is primarily a dopamine 2 (D2) receptor antagonist, 
but it can also block D1 receptors in prefrontal cortex which are critical for cognitive tasks, mainly working 
memory26. This “side effect” may in part explain the detrimental effects of haloperidol on cognition in our study, 
especially on higher doses27.

As discussed before, the CERAD was more robust than the MMSE in our study, but the parameters that influ-
enced the performance of patients on the CERAD revealed to be non-controllable: premorbid cognitive capacity, 
as measured by IQCODE, NSE and IFN-γ serum levels at ICU discharge, APACHE II score, as well as time after 
ICU discharge. Accordingly, CERAD exploratory analysis did not add new elements that could be controlled 
during the stay of the patients at the ICU. Its main usefulness lies in quantifying the cognitive impairment of these 
patients.

It is noteworthy that the IQCODE score and education level influenced the performance on the CERAD. 
The concept of ‘brain reserve’ or ‘cognitive reserve’ refers to the individual’s ability to tolerate the age and 
disease-related changes without developing cognitive signs or symptoms28. Our study provides evidence of the 
importance of cognitive reserve, represented by education and/or IQCODE score in cognitive performance after 
sepsis.

The role of inflammation on cognition has been demonstrated in experimental studies and there is increasing 
evidence of this phenomenon in humans29–32. The mechanisms by which cytokines affect cognition are not fully 
elucidated33. Systemic inflammation may lead to an adaptive sickness behavior which persists for a few days, but 
the persistence of this exacerbated neuroinflammatory process can lead to long-standing cognitive impairment 

Variable β S.E. (β) O.R. C.I. 95% p-Value

Intercept 2.995 0.094 — — 0.000

IL-6 at discharge /100 0.075 0.019 1.08 [1.04–1.12] 0.000

Education, years /10 0.089 0.020 1.09 [1.05–1.14] 0.000

Administration of antimicrobial after recognition 
of septic shock or severe sepsis, hours −0.041 0.006 0.96 [0.95–0.97] 0.000

Haloperidol (Cumulative dose)/10 −0.032 0.015 0.97 [0.94–0.99] 0.034

Mean blood glucose during ICU stay (mg/dL)/10 −0.014 0.007 0.99 [0.97–0.99] 0.049

Re-evaluation about 1 year 0.173 0.046 1.19 [1.09–1.30] 0.000

Table 5. Association between selected variables and MMSE score in patients with severe sepsis and septic 
shock. R² = 44.9%; Large VIF = 1.23. SE: standard error, OR: odds ratio, C.I. confidence interval, ICU: intensive 
care unit.



www.nature.com/scientificreports/

6SCIeNTIFIC REPoRTS |  (2018) 8:4509  | DOI:10.1038/s41598-018-22754-3

rather than mere transient memory disorders34. In our study, through exploratory analysis, we found associa-
tions between some inflammatory biomarkers and SAE. Our data show association between serum levels of the 
cytokines IL-4, IL-6, IL-10 and TNF, and cognitive performance of patients with severe sepsis or septic shock. 
Even in the multivariate models, inflammatory markers continued to influence cognitive performance. More 
specifically, IFN-γ levels at ICU discharge negatively influenced patient’s performance on CERAD, while IL-6 
levels positively affected performance on MMSE. Despite contradictory at the first glance, these data illustrate 
the complex effect of these mediators on cognition, and it is not surprising that specific molecules could provide 
both positive and negative effects on cognition depending on the type, intensity and duration of insult suffered by 
the individual35. The measurement of these cytokines at ICU discharge could be regarded as cognitive outcome 
biomarkers, allowing better planning of cognitive rehabilitation program and maybe a more realistic information 
regarding the cognitive prognosis.

Previous studies have reported a relationship between NSE, a marker of neuronal damage, and SAE in the 
presence of sepsis36,37. In the clinical practice, NSE has be used as a biomarker along with other parameters to pre-
dict the outcome of comatose patients38. In line with this, we found that increased levels of NSE at ICU discharge 
were associated with worse cognitive performance measured by the CERAD.

Our study has several limitations, the main one related to the sample size. Accordingly, there is a potential risk 
for false-positive and over-fitting model due to the high number of studied ‘variables’. We were not able to validate 
our findings in an independent dataset which should be carried out to report prediction accuracy. It is worth 
emphasizing the challenges to recruit – with very well-defined criteria – these type of patients, and to keep their 
follow-up. In this regard, we also had significant losses on the follow-up. Despite assessing several molecules and 
cognitive domains, we still performed a limited cognitive and biomarker evaluation. Multicenter clinical trials 
with larger samples are necessary to confirm the current findings.

VF MBNT MMSE WLL WLR WLRD CP PR CTS

BDNF

r 0.098 0.167 0.199 0.209 0.065 0.213 0.215 0.370 0.222

p 0.533 0.284 0.200 0.180 0.678 0.171 0.166 0.015* 0.153

n 43 43 43 43 43 43 43 43 43

NSE

r −0.094 0.077 −0.079 0.252 0.113 0.006 −0.036 0.125 0.083

p 0.545 0.617 0.611 0.099 0.466 0.967 0.818 0.419 0.590

n 44 44 44 44 44 44 44 44 44

sTREM-1

r −0.182 −0.028 −0.061 −0.088 −0.074 −0.041 0.053 −0.255 −0.099

p 0.230 0.853 0.690 0.567 0.629 0.787 0.729 0.091 0.517

n 45 45 45 45 45 45 45 45 45

IL-2

r −0.064 −0.063 0.136 −0.086 0.106 −0.068 0.045 −0.072 −0.048

p 0.692 0.693 0.397 0.591 0.511 0.670 0.781 0.656 0.767

n 41 41 41 41 41 41 41 41 41

IL-4

r −0.254 −0.225 −0.324 −0.246 −0.074 −0.234 −0.196 −0.183 −0.293

p 0.096 0.142 0.032* 0.107 0.635 0.126 0.202 0.234 0.054

n 44 44 44 44 44 44 44 44 44

IL-6

r −0.274 −0.014 −0.311 −0.560 −0.135 −0.365 −0.371 −0.116 −0.439

p 0.079 0.928 0.045* 0.000* 0.395 0.017* 0.016* 0.463 0.004*
n 42 42 42 42 42 42 42 42 42

IL-10

r −0.160 0.108 −0.042 −0.316 −0.067 −0.103 −0.161 −0.327 −0.200

p 0.299 0.486 0.785 0.037* 0.664 0.506 0.296 0.030* 0.194

n 44 44 44 44 44 44 44 44 44

TNF

r −0.284 −0.095 −0.179 −0.420 −0.018 −0.382 −0.201 −0.139 −0.359

p 0.059 0.535 0.240 0.004* 0.904 0.010* 0.186 0.361 0.016*
n 45 45 45 45 45 45 45 45 45

INF-γ

r −0.065 −0.246 0.003 −0.127 −0.176 −0.049 0.068 −0.048 −0.133

p 0.675 0.108 0.983 0.411 0.252 0.753 0.659 0.757 0.389

n 44 44 44 44 44 44 44 44 44

IL-17A

r 0.036 0.214 0.021 −0.071 0.100 −0.047 −0.130 −0.050 0.007

p 0.817 0.159 0.891 0.642 0.512 0.760 0.396 0.746 0.963

n 45 45 45 45 45 45 45 45 45

Table 6. Bivariate correlation between biomarkers (BDNF, NSE, sTREM-1, IL-2, IL-4, IL-6, IL-10, TNF, IFN-γ 
and IL-17A) and CERAD subtests / total score in patients with severe sepsis and septic shock. VF: Verbal 
Fluency, MBNT: Modified Boston Naming Test, MMSE: Mini-Mental State Examination, WLL: Word List 
Learning, WLR: Word List Recall, WLRD: Word List Recognition Discriminability, CP: Constructional Praxis, 
PR: Praxis Recall and CTS: CERAD Total Score.
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Conclusion
Patients experiencing severe sepsis or septic shock show cognitive impairment that might improve over time. 
There are several variables that can influence cognitive outcome, such as baseline cognitive reserve as indicated 
by IQCODE and educational level. Interestingly, some ICU related variables (mean blood glucose and NSE) may 
also play a role. Future studies must address whether modification of these latter parameters could determine 
better long term cognitive outcome.

Patients and Methods
Study design. This was a single center prospective study to investigate long-term cognitive outcomes in a 
sample of patients who survived severe sepsis or septic shock. Outcome measures included cognitive performance 
and psychiatric health collected 24 hours and around one year after discharge from ICU. The study protocol was 
approved by the local Ethics Committee (0319.0.203.000 – 11) and written informed consent was obtained from 
all participants or representative prior testing. In addition, all methods were performed in accordance with the 
relevant guidelines and regulation.

Figure 2. Correlation between serum cytokine level and CERAD subtests/total score at ICU discharge.
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Inclusion/exclusion criteria. Based on the diagnostic criteria of the 2001 SCCM/ESICM/ACCP/ATS/SIS 
International Sepsis Definitions Conference39, the inclusion criteria were history of severe sepsis (presence of sep-
sis and concomitant acute organ dysfunction occurring in at least one organ) or septic shock (persistent arterial 
hypotension unexplained by other causes, despite adequate volume resuscitation) in patients discharged from the 
ICU at the University Hospital of the Universidade Federal de Minas Gerais, Brazil. The exclusion criteria were 
age bellow 18 years, pregnancy, any disease with prognosis below three months, immunosuppression, neurolog-
ical disease present at the time of inclusion (epilepsy, cancer, neuroinfection, stroke, trauma), acute decompen-
sated renal failure or hepatic insufficiency, tracheostomy or any other condition leading to speech incapacity.

Laboratory work-up. All patients underwent routine diagnostic laboratory tests while at the ICU compris-
ing blood cell count, creatinine, lactate and C reactive protein (CRP). For each patient, we calculated the mean 
overall glucose level during ICU stay from all glucose values measured. Glucose was obtained from arterial blood 
samples by means of a handheld glucose measurement devise40.

Besides these routine laboratory tests, serum levels of cytokines (IL-2, IL-4, IL-6, IL-10, TNF, IFN-γ, and 
IL-17A), and sTREM-1, whose expression are up-regulated in the presence of extracellular bacteria and fungi 
and in inflammatory conditions, were determined. Brain-derived neurotrophic factor (BDNF), the main neuro-
trophic factor in the central nervous system, and the neuron specific enolase (NSE), a glycolytic protein expressed 
in neurons and neuroendocrine cells, were also measured.

The measurement of cytokines, sTREM-1, BDNF and NSE was performed at ICU discharge and are detailed 
as follows. For serum collections, we allowed the blood to clot 15–30 minutes and separated the serum by cen-
trifugation at 1,000–2,000 g at 4 °C for 10 minutes. Serum was aliquoted into separate cryotubes and kept frozen 
at −80 °C until ready for assay. For the assessment of sTREM-1, BDNF and NSE, samples were run in dupli-
cate using commercial ELISA kits according to the manufacturer’s instructions (R&D Systems, USA and BD 
Biosciences, USA). The cytokine panel was evaluated through Cytometric Bead Array (CBA) using commercial 
BD CBA Human Th1/Th2/Th17 Cytokine Kit according to the manufacturer (BD Biosciences, USA). The assess-
ment was performed blind to the clinical status of the subjects.

Medical record information. Medical data collected were age, gender, level of education, APACHE II 
score41, SOFA score42, time of antimicrobial administration after recognition of septic shock or severe sepsis, ICU 
length of stay, site of infection, microbiological results and comorbid diseases. Midazolam, fentanyl, dobutamine, 
noradrenaline and haloperidol were set as cumulative dose throughout ICU stay. The treatment of all patients was 
carried out at the discretion of the ICU assistant physicians43.

Neuropsychological assessment. Since most patients underwent intubation and sedation during their 
stay in ICU, the first cognitive testing was performed 24 h after ICU discharge. The second cognitive testing was 
performed around one year after hospital discharge.

Global cognition was assessed using the CERAD44, a validated assessment battery that includes measures of 
verbal fluency, confrontational naming (15-item Boston Naming Test), the Mini-Mental State examination, meas-
ures of verbal learning, recall and recognition, and constructional praxis performance and recall. The CERAD 
battery was originally designed to evaluate patients with Alzheimer’s Disease, but it is also used to measure gen-
eral cognition in different clinical contexts45–47.

Psychomotor speed and divided attention were also assessed using the Trail Making Test (TMT) forms A and 
B. The TMT form A evaluates visuoperceptual abilities, TMT form B reflects primarily working memory and 
secondarily task-switching ability, while B minus A provides a relatively accurate index of executive control48.

Estimated premorbid cognitive impairment. Due to the impossibility of obtaining a baseline cogni-
tive performance score for patients with sepsis, premorbid cognitive impairment was estimated based on the 
Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE)49. IQCODE is the most widely-used 
informant instruments available, and was developed to measuring cognitive decline from a pre-morbid level 
using informant report. IQCODE has high reliability and measures a single general factor of cognitive decline50,51.
The questionnaire was applied to informants during the stay of the patient at the hospital.

Statistics. Data were analyzed using R (version 3.2.2)52 and Statistical Package for Social Sciences (V.19.0, 
SPSS Inc, Chicago, Illinois, USA). Normality of data distributions were evaluated for the study. Student T, 
Mann-Whitney U, chi-squared tests were used for data analysis when appropriate. The mean score obtained in 
CERAD battery subtests were compared with expected cutoff point described by Bertolucci et al.16 using one 
sample T Test. Difference in cognitive parameters over time, controlling for possible confounding factors, and the 
influence of the variables on cognitive parameters was calculated by using marginal model. Marginal models also 
known for GEE method (Generalized Estimating Equations)53 can be considered as a generalized linear model54 
extension which incorporate the expected correlation between the measurements taken in the same individual. 
Because of its simplicity in interpretation and lack of distributional assumptions, marginal models have been 
preferred as an extension of the generalized linear models for longitudinal data55.

The stepwise regression was used to identify a useful subset of predictors. First a univariate marginal lin-
ear model was performed using the forward stepwise method to select variables that correlated with cognitive 
performance in patients after sepsis. Variables with p < 0.15 were tested for independency in multiple marginal 
regression analysis using the backward stepwise method. A p-value < 0.05 was considered statistically significant. 
Variance inflation factor (VIF) was used to assess multicollinearity and Marginal R2 values were used to describe 
model fit.
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Data availability. The datasets generated during and/or analysed during the current study are available from 
the corresponding author on reasonable request.

References
 1. Fleischmann, C. et al. Assessment of global incidence and mortality of hospital-treated sepsis current estimates and limitations. Am. 

J. Respir. Crit. Care Med. 193, 259–272 (2016).
 2. Iwashyna, T. J., Ely, E. W., Smith, D. M. & Langa, K. M. Long-term cognitive impairment and functional disability among survivors 

of severe sepsis. JAMA 304, 1787–1794 (2010).
 3. Reinhart, K. et al. Recognizing Sepsis as a Global Health Priority — A WHO Resolution. N. Engl. J. Med. 377, 414–417 (2017).
 4. Pandharipande, P. P. et al. Long-term cognitive impairment after critical illness. N Engl J Med 369, 1306–1316 (2013).
 5. Calsavara, A. J. C., Nobre, V., Barichello, T. & Teixeira, A. L. Post-sepsis cognitive impairment and associated risk factors: A 

systematic review. Aust. Crit. Care. https://doi.org/10.1016/j.aucc.2017.06.001 (2017).
 6. Davydow, D. S., Hough, C. L., Langa, K. M. & Iwashyna, T. J. Presepsis depressive symptoms are associated with incident cognitive 

impairment in survivors of severe sepsis: A prospective cohort study of older Americans. J. Am. Geriatr. Soc. 60, 2290–2296 (2012).
 7. Benros, M. E. et al. The Association between Infections and General Cognitive Ability in Young Men - A Nationwide Study. PLoS 

One 10, e0124005 (2015).
 8. Semmler, A. et al. Persistent cognitive impairment, hippocampal atrophy and EEG changes in sepsis survivors. J. Neurol. Neurosurg. 

Psychiatry 84, 62–70 (2013).
 9. Azabou, E. et al. Early Standard Electroencephalogram Abnormalities Predict Mortality in Septic Intensive Care Unit Patients. PLoS 

One 10, e0139969 (2015).
 10. Pierrakos, C. et al. Transcranial Doppler to assess sepsis-associated encephalopathy in critically ill patients. BMC Anesthesiol. 14, 1–6 

(2014).
 11. Lahariya, S., Grover, S., Bagga, S. & Sharma, A. Delirium in patients admitted to a cardiac intensive care unit with cardiac 

emergencies in a developing country: Incidence, prevalence, risk factor and outcome. Gen. Hosp. Psychiatry 36, 156–164 (2014).
 12. Merli, M. et al. Increased risk of cognitive impairment in cirrhotic patients with bacterial infections. J. Hepatol. 59, 243–250 (2013).
 13. Arinzon, Z., Peisakh, A., Schrire, S. & Berner, Y. N. Delirium in long-term care setting: Indicator to severe morbidity. Arch. Gerontol. 

Geriatr. 52, 270–275 (2011).
 14. Regazzoni, C. J. et al. Hospital and 1-year outcomes of septic syndromes in older people: A cohort study. Journals Gerontol. - Ser. A 

Biol. Sci. Med. Sci. 63, 210–212 (2008).
 15. Iwashyna, T. J., Cooke, C. R., Wunsch, H. & Kahn, J. M. Population burden of long-term survivorship after severe sepsis in Older 

Americans. J. Am. Geriatr. Soc. 60, 1070–1077 (2012).
 16. Bertolucci, P. H. et al. Applicability of the CERAD neuropsychological battery to Brazilian elderly. Arq Neuropsiquiatr 59, 532–536 

(2001).
 17. Collie, A., Shafiq-Antonacci, R., Maruff, P., Tyler, P. & Currie, J. Norms and the effects of demographic variables on a 

neuropsychological battery for use in healthy ageing Australian populations. Aust N Z J Psychiatry 33, 568–575 (1999).
 18. Fillenbaum, G. G. et al. Performance on the CERAD neuropsychology battery of two samples of Japanese-American elders: norms 

for persons with and without dementia. J Int Neuropsychol Soc 11, 192–201 (2005).
 19. Strauss, M. E. & Fritsch, T. Factor structure of the CERAD neuropsychological battery. J Int Neuropsychol Soc 10, 559–565 (2004).
 20. Chandler, M. J. et al. A total score for the CERAD neuropsychological battery. Neurology 65, 102–106 (2005).
 21. Investigators, N.-S. S. et al. Intensive versus conventional glucose control in critically ill patients. N Engl J Med 360, 1283–1297 

(2009).
 22. Grillo, C. A. et al. Hippocampal Insulin Resistance Impairs Spatial Learning and Synaptic Plasticity. Diabetes 64, 3927–3936 (2015).
 23. Lehtisalo, J. et al. Diabetes, glycaemia, and cognition-a secondary analysis of the Finnish Diabetes Prevention Study. Diabetes Metab 

Res Rev 32, 102–110 (2016).
 24. Ravona-Springer, R. et al. Trajectories in glycemic control over time are associated with cognitive performance in elderly subjects 

with type 2 diabetes. PLoS One 9, e97384 (2014).
 25. Sonneville, R. et al. Critical illness-induced dysglycemia and the brain. Intensive Care Med 41, 192–202 (2015).
 26. Babin, S. L. et al. Effects of haloperidol on cognition in schizophrenia patients depend on baseline performance: a saccadic eye 

movement study. Prog. Neuropsychopharmacol. Biol. Psychiatry 35, 1753–64 (2011).
 27. Woodward, N. D., Purdon, S. E., Meltzer, H. Y. & Zald, D. H. A meta-analysis of cognitive change with haloperidol in clinical trials 

of atypical antipsychotics: Dose effects and comparison to practice effects. Schizophr. Res. 89, 211–224 (2007).
 28. Fratiglioni, L. & Wang, H. X. Brain reserve hypothesis in dementia. J Alzheimers Dis 12, 11–22 (2007).
 29. Lutterloh, E. C. et al. Inhibition of the RAGE products increases survival in experimental models of severe sepsis and systemic 

infection. Crit Care 11, R122 (2007).
 30. McAfoose, J. & Baune, B. T. Evidence for a cytokine model of cognitive function. Neurosci Biobehav Rev 33, 355–366 (2009).
 31. Cortese, G. P. & Burger, C. Neuroinflammatory challenges compromise neuronal function in the aging brain: Postoperative 

cognitive delirium and Alzheimer’s disease. Behav. Brain Res. 322, 269–279 (2017).
 32. Hennessy, E. et al. Systemic TNF-α produces acute cognitive dysfunction and exaggerated sickness behavior when superimposed 

upon progressive neurodegeneration. Brain. Behav. Immun. 59, 233–244 (2017).
 33. Maier, S. F. Bi-directional immune-brain communication: Implications for understanding stress, pain, and cognition. Brain Behav 

Immun 17, 69–85 (2003).
 34. Zhang, Q.-H., Sheng, Z.-Y. & Yao, Y.-M. Septic encephalopathy: when cytokines interact with acetylcholine in the brain. Mil. Med. 

Res. 1, 20 (2014).
 35. Donzis, E. J. & Tronson, N. C. Modulation of learning and memory by cytokines: signaling mechanisms and long term consequences. 

Neurobiol Learn Mem 115, 68–77 (2014).
 36. Hsu, A. A. et al. Neurological injury markers in children with septic shock. Pediatr Crit Care Med 9, 245–251 (2008).
 37. Nguyen, D. N. et al. Elevated serum levels of S-100beta protein and neuron-specific enolase are associated with brain injury in 

patients with severe sepsis and septic shock. Crit Care Med 34, 1967–1974 (2006).
 38. Wijdicks, E. F. et al. Practice parameter: prediction of outcome in comatose survivors after cardiopulmonary resuscitation (an 

evidence-based review): report of the Quality Standards Subcommittee of the American Academy of Neurology. Neurology 67, 
203–210 (2006).

 39. Levy, M. M. et al. 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med 31, 1250–1256 
(2003).

 40. Siegelaar, S. E. et al. Mean glucose during ICU admission is related to mortality by a U-shaped curve in surgical and medical 
patients: a retrospective cohort study. Crit. Care 14, R224 (2010).

 41. Wagner, D. P. & Draper, E. A. Acute physiology and chronic health evaluation (APACHE II) and Medicare reimbursement. Heal. 
Care Financ Rev Suppl, 91–105 (1984).

 42. Vincent, J. L. et al. The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of 
the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. Intensive Care Med 22, 
707–710 (1996).

http://dx.doi.org/10.1016/j.aucc.2017.06.001


www.nature.com/scientificreports/

1 0SCIeNTIFIC REPoRTS |  (2018) 8:4509  | DOI:10.1038/s41598-018-22754-3

 43. Rhodes, A. et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016. Crit. Care 
Med. 45 (2017).

 44. Morris, J. C. et al. The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD). Part I. Clinical and neuropsychological 
assessment of Alzheimer’s disease. Neurology 39, 1159–1165 (1989).

 45. Haanpaa, R. M. et al. The CERAD Neuropsychological Battery in Patients with Frontotemporal Lobar Degeneration. Dement Geriatr 
Cogn Dis Extra 5, 147–154 (2015).

 46. McGurk, S. R. et al. The longitudinal relationship of clinical symptoms, cognitive functioning, and adaptive life in geriatric 
schizophrenia. Schizophr Res 42, 47–55 (2000).

 47. Karrasch, M., Laatu, S., Martikainen, K. & Marttila, R. CERAD test performance and cognitive impairment in Parkinson’s disease. 
Acta Neurol Scand 128, 409–413 (2013).

 48. Sanchez-Cubillo, I. et al. Construct validity of the Trail Making Test: role of task-switching, working memory, inhibition/interference 
control, and visuomotor abilities. J Int Neuropsychol Soc 15, 438–450 (2009).

 49. Jorm, A. F. & Korten, A. E. Assessment of cognitive decline in the elderly by informant interview. Br J Psychiatry 152, 209–213 
(1988).

 50. Jorm, A. F. & Jacomb, P. A. The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE): socio-demographic 
correlates, reliability, validity and some norms. Psychol Med 19, 1015–1022 (1989).

 51. Jorm, A. F. The Informant Questionnaire on cognitive decline in the elderly (IQCODE): a review. Int Psychogeriatr 16, 275–293 
(2004).

 52. R Core Team. R: A language and environment for statistical computing. R Foudation for Statistical Computing. (2012).
 53. LIANG, K.-Y. Y. & Zeger, S. L. Longitudinal data analysis using generalized linear models. Biometrika 73, 13–22 (1986).
 54. McCullagh, P. & Nelder, J. A. Generalized linear models. Monographs on statistics and applied probability (Chapman & Hall/CRC, 

1998).
 55. Fitzmaurice, G. M., Laird, N. M. & Ware, J. H. Applied Longitudinal Analysis. (John Wiley & Sons, 2011).

Acknowledgements
The authors are grateful to Dr. Marcus Vinicius Melo de Andrade and Dr. Natalia Pessoa for technical assistance. 
This research leading to these results received support from CNPq and Fapemig, Brazil.

Author Contributions
A.J.C.C. and A.L.T. designed the research; A.J.C.C. and P.A.C. performed the research; A.J.C.C., V.N.J. and A.L.T. 
analyzed the data, prepared the figures, and wrote the manuscript. All authors reviewed and commented on the 
manuscript at all stages.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-22754-3.
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1038/s41598-018-22754-3
http://creativecommons.org/licenses/by/4.0/

	Factors Associated With Short and Long Term Cognitive Changes in Patients With Sepsis
	Results
	Demographic and clinical characteristics. 
	Cognitive performance. 
	Exploratory analysis for biomarkers. 

	Discussion
	Conclusion
	Patients and Methods
	Study design. 
	Inclusion/exclusion criteria. 
	Laboratory work-up. 
	Medical record information. 
	Neuropsychological assessment. 
	Estimated premorbid cognitive impairment. 
	Statistics. 
	Data availability. 

	Acknowledgements
	Figure 1 Flowchart detailing inclusion and exclusion of patients and protocol of study.
	Figure 2 Correlation between serum cytokine level and CERAD subtests/total score at ICU discharge.
	Table 1 Clinical and demographic characteristics of patients included in the study (n = 33).
	Table 2 Mean score obtained in CERAD battery subtests 24 h after discharge from ICU and after 1 year.
	Table 3 Performance of patients on Trial Making Test Form A and B.
	Table 4 Association between selected variables and CERAD total score in patients with severe sepsis and septic shock.
	Table 5 Association between selected variables and MMSE score in patients with severe sepsis and septic shock.
	Table 6 Bivariate correlation between biomarkers (BDNF, NSE, sTREM-1, IL-2, IL-4, IL-6, IL-10, TNF, IFN-γ and IL-17A) and CERAD subtests / total score in patients with severe sepsis and septic shock.




