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TherapeuTic advances in 
infectious disease

Acute kidney injury should not be neglected 
– optimization of quick Pitt bacteremia  
score for predicting mortality in critically  
ill patients with bloodstream infection:  
a retrospective cohort study
Jiaqi Cai, Ming Yang, Han Deng, Hao Bai, Guanhao Zheng  and Juan He

Abstract
Background: Considering the therapeutic difficulties and mortality associated with 
bloodstream infection (BSI), it is essential to investigate other potential factors affecting 
mortality in critically ill patients with BSI and examine the utility of the quick Pitt bacteremia 
(qPitt) score to improve the survival rate.
Objectives: To improve the predictive accuracy of the qPitt scoring system by evaluating the 
five current components of qPitt and including other potential factors influencing mortality in 
critically ill patients with BSI.
Design: This was a retrospective cohort study.
Methods: Medical information from the Medical Information Mart for Intensive Care IV 
database was used in this retrospective cohort study. The risk factors associated with 
mortality were examined using a multivariate logistic regression model. The area under the 
receiver operating characteristic curve (AUC) was used to assess the discriminatory capability 
of the prediction models.
Results: In total, 1240 eligible critically ill patients with BSI were included. After adjustment 
for age, community-onset BSI, indwelling invasive lines, and Glasgow Coma Scale (GCS) ⩽ 8, 
acute kidney injury (AKI) was identified as a notable risk factor for 14-day mortality. 
Except for altered mental status, the four other main components of the original qPitt 
were significantly associated with 14-day mortality. Hence, we established a modified 
qPitt (m-qPitt) by adding AKI and replacing altered mental status with GCS ⩽ 8. The AUCs 
for m-qPitt and qPitt were 0.723 [95% confidence interval (CI): 0.683–0.759] and 0.708 
(95% CI: 0.669–0.745) in predicting 14-day mortality, respectively. Moreover, m-qPitt also 
had acceptable performance and discrimination power [0.700 (95% CI: 0.666–0.732)] in 
predicting 28-day mortality.
Conclusion: AKI significantly influenced the survival of critically ill patients with BSIs. 
Compared with the original qPitt, our new m-qPitt was proven to have a better predictive 
performance for mortality in critically ill patients with BSI. Further studies should be 
conducted to validate the practicality of m-qPitt.
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Introduction
In the last few decades, bloodstream infections 
(BSIs) have been proven to be one of the leading 
causes of morbidity and mortality in critically ill 
patients. The estimated death rate of patients 
with BSI ranges from approximately 17% to 60%, 
and varies across different organisms.1,2

To identify critically ill patients at high risk of 
death, several scoring systems have been designed 
and applied to evaluate the severity of BSI and 
other infections, such as the quick Sequential 
Organ Failure Assessment (qSOFA) and Systemic 
Inflammatory Response Syndrome (SIRS) 
scores.3,4 Known as a useful BSI prognosis pre-
diction algorithm, the quick Pitt bacteremia 
(qPitt) score is widely used to predict mortality in 
patients with BSI because of its convenience and 
reliability. The qPitt score consists of five binary 
variables, with one point allocated for each, and a 
qPitt score of 2 is considered a reasonable cutoff 
value to assess the acute severity of illness.5

However, various risk factors have not been 
included in the qPitt score but are associated with 
mortality in BSI. It is essential to further modify 
the qPitt score by evaluating suspected meaning-
ful variables such as the occurrence of acute kid-
ney injury (AKI). As the most common and 
threatening complication of severe infections, 
such as sepsis and BSI, AKI has been verified as 
an independent influencing factor associated with 
death in critically ill patients.6–10 AKI is strongly 
associated with poor clinical outcomes, including 
a higher probability of in-hospital death and 
longer duration of hospital stay, especially in  
critically ill patients.11 Moreover, although there 
are several studies designed to elucidate the prac-
ticability of the qPitt score in predicting the  
prognosis of BSI caused by different organisms 
and even non-bacteremia carbapenem-resistant 
Enterobacteriaceae infections, there is still a lack 
of comprehensive large-scale clinical studies cov-
ering both Gram-negative and Gram-positive 
BSI.5,12,13

To this end, we carried out a retrospective cohort 
study in critically ill patients with BSI to validate 
the clinical utility of the qPitt score and identify 
any other potential variables affecting the progno-
sis of BSI to modify the criteria of the qPitt score 
based on the Medical Information Mart for 
Intensive Care IV (MIMIC-IV) database.

Methods

Study design and participants
This was a retrospective cohort study that used 
the MIMIC-IV (version 2.0) database. The 
MIMIC-IV database is a large, single-center, 
freely accessible database consisting of compre-
hensive information on more than 40,000 inten-
sive care unit (ICU) patients across the United 
States from 2008 to 2019.14 This study con-
formed to the Strengthening the Reporting of 
Observational Studies in Epidemiology state-
ment.15 All consecutive hospitalized patients diag-
nosed with BSI in the MIMIC-IV database were 
enrolled in our study. Patients were included only 
once, when an initial episode of BSI was identified 
during hospitalization. The exclusion criteria were 
as follows: (1) age <18 years and (2) missing data.

Study objectives
The primary aim of the current study was to 
determine the risk factors affecting 14-day all-
cause mortality in patients with BSI, especially to 
appraise the predictive ability of the qPitt score 
and modify the specific criteria of individual com-
ponents from the qPitt score if necessary. 
Moreover, the 28-day all-cause mortality was 
examined as a secondary outcome.

Definitions
All definitions used in the study were ascertained 
prior to data collection. BSI was defined as the 
isolation of any Gram-positive or Gram-negative 
bacillus from an index blood culture. The site of 
BSI acquisition was categorized as community-
onset if the index blood culture was collected 
within 48 h of admission; otherwise, it was catego-
rized as hospital-onset. Multidrug-resistant organ-
isms (MDROs) included the following five 
common drug-resistant pathogens for critically  
ill patients: carbapenem-resistant Acinetobacter 
baumannii (CRAB), carbapenem-resistant 
Pseudomonas aeruginosa, carbapenem-resistant 
Enterobacterales, vancomycin-resistant Enterococcus, 
and methicillin-resistant Staphylococcus aureus, in 
view of the World Health Organization global pri-
ority pathogens list.16 Immunocompromised sta-
tus was defined as the presence of at least one of 
the following: neutropenia (absolute neutrophil 
count < 500/μL), use of chemotherapy, diagnosis 
of Acquired Immune Deficiency Syndrome, prior 
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organ or bone marrow transplantation, corticos-
teroid treatment (prednisone at a daily dose of 
20 mg or higher for at least 7 days), or other immu-
nosuppressive medications.17,18 AKI severity was 
staged according to the Kidney Disease Improving 
Global Outcomes (KDIGO) classification sys-
tem.19 The individual components of the qPitt cri-
teria are summarized in Table 1.5 Altered mental 
status was defined as a Glasgow Coma Scale 
(GCS) score of less than 15 points. The qSOFA 
and SIRS scores were graded according to their 
own criteria.3,4

Data collection for potential predictors
In this study, we used the Navicat Premium soft-
ware (PremiumSoft CyberTech Ltd., Hong Kong 
SAR, version 16.3.5) and Structure Query 
Language (SQL) with PostgresSQL (PostgresSQL 
Global Development Group, U.S., version 14.2) 
for data collection and management. Candidate 
prediction variables were all extracted from the 
MIMIC-IV database for further analysis, including 
patient demographics (age, gender, weight), BSI 
information (time to diagnosis of BSI after admis-
sion, Gram-positive or Gram-negative infection, 
and MDRO infection), comorbidities, Charlson 
Comorbidity Index (CCI) score, immunocompro-
mised status, indwelling invasive lines, AKI varia-
bles [AKI stage and continuous renal replacement 
therapy (CRRT)], scoring system (GCS, qPitt, 
qSOFA, and SIRS), and qPitt variables (hypother-
mia, hypotension, respiratory failure, cardiac 
arrest, and altered mental status). All variables 
were recorded within 24 h prior to or 24 h follow-
ing the collection of index blood cultures. If a vari-
able was recorded more than once during the 
aforementioned period, only the value associated 
with the greatest illness severity was retained.

Statistical analysis
To establish a final multivariate logistic regression 
model to identify the risk factors associated with 
our primary outcome, all potential variables were 
assessed using univariate analysis. The distribution 
normality of each variable was verified using the 
Shapiro–Wilk test. For p value calculations, 
Pearson’s chi-square test or Fisher’s exact test was 
used to analyze categorical variables, whereas 
Student’s t-test or Mann–Whitney U-test was used 
to evaluate continuous variables. We separated the 
qPitt score into five individual components to 
determine the independent association between 

these components and 14-day mortality. Potential 
variables related to 14-day mortality in univariate 
analysis (p value < 0.05) were included in the mul-
tivariate analysis with forward stepwise selection, 
whereas only variables with p-values < 0.05 were 
retained in the final model. Odds ratios with 95% 
confidence intervals (CIs) were used to estimate 
each variable’s strength of association with 14-day 
mortality.

Subsequently, a derivative scoring system, the 
modified qPitt score (m-qPitt), was established 
based on qPitt individual components and other 
significant predictors of 14-day mortality. We then 
used the area under the receiver operating charac-
teristic curve (AUC) and the Youden index (sen-
sitivity + specificity − 1) to determine the most 
appropriate dichotomous cut-off value for m-qPitt.

To quantify the association between different 
scoring systems (m-qPitt, qPitt, qSOFA, and 
SIRS) and 14-day mortality, each scoring system 
was considered integrally as a continuous variable 
to develop logistic regression models with other 
independent risk factors for 14-day mortality 
from the previous model. AUC values were com-
puted to assess and compare the discrimination 
power of the different scores. The AUC compari-
son was conducted using the Delong test.20

As for the secondary outcome of our study, the 
AUC calculation process was utilized to analyze 
the discrimination ability of m-qPitt in predicting 
28-day mortality as well. Finally, Kaplan–Meier 
survival curves stratified by the cutoff value of 
m-qPitt were produced to analyze 14-day and 
28-day mortality, and the Bonferroni-based log-
rank test was applied for comparison.

Table 1. The qPitt score criteria.

qPitt variablea Point allocation

Hypothermia (temperature < 36°C) 1

Hypotension (SBP < 90 mmHg or vasopressor use) 1

Respiratory failure (respiratory rate ⩾ 25 breaths 
per minute or mechanical ventilation)

1

Cardiac arrest 1

Altered mental status 1

aThe worst (highest or lowest) variable is collected in the 24 h leading to and 24 h 
following collection of index blood culture.
qPitt, quick Pitt bacteremia; SBP, systolic blood pressure.
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Figure 1. Study design.

All statistical analyses were performed using JMP 
Pro (version 16.2.0; SAS Institute Inc., Cary, 
NC, USA). Statistical significance was set at p 
value < 0.05 (two-tailed).

Results

Demographics and clinical characteristics
After screening the data of 3215 patients with 
BSI, 1240 were eligible for our study (Figure 1). 
The median age of the patients was 64 years and 
62.8% were male. A total of 514 (41.5%) patients 
had community-onset BSIs. The proportion of 
Gram-negative BSI was 35.6%, and nearly 40% 
of the BSIs were attributed to MDROs. Overall, 
congestive heart failure (32.7%), renal disease 
(27.7%), and diabetes without chronic complica-
tions (265%) were the three main comorbidities. 
The median CCI score was 6 (interquartile range, 
3–8). Approximately 15% of the patients were 
immunocompromised when diagnosed with BSI. 
More than half (52.0%) of the patients had inva-
sive indwelling lines. Regarding kidney function, 
851 (68.6%) patients had AKI at various stages, 
and 95 (7.7%) patients received CRRT. The 
14-day and 28-day mortality rates were 15.3% 
and 23.6%, respectively (Table 2).

Association with qPitt individual components 
and 14-day mortality
Univariate analysis revealed that age, community-
onset BSI, indwelling invasive lines, AKI, and 
four individual variables in the qPitt score (except 

altered mental status) were significantly associ-
ated with 14-day mortality. To further investigate 
the magnitude of mental status in predicting 
14-day mortality, the GCS score was redefined as 
another potential dichotomous variable and 
included in the univariate analysis. As a result, we 
found that GCS ⩽ 8 was a notable variable related 
to a higher rate of 14-day mortality in univariate 
analysis (Table 3). Multivariate logistic regres-
sion analysis was conducted to determine whether 
the above-mentioned variables were significant 
risk factors for predicting 14-day mortality in 
patients with BSI (Table 4).

Development and evaluation of m-qPitt in 
predicting 14-day mortality
Multivariate analysis revealed that altered mental 
status had a minor effect on BSI patients’ 14-day 
mortality as one of the previous qPitt individual 
components, compared to GCS ⩽ 8. Furthermore, 
we have already substantiated that the incidence 
of AKI was significantly associated with 14-day 
mortality, as described above, and AKI could be 
detected in a timely manner by monitoring serum 
creatinine (SCr) levels and urine output at the 
time of the first episode of BSI. Hence, the modi-
fied version of the qPitt score (m-qPitt) was 
derived with an additional predictive component 
concentrating on AKI, as well as adjusted for 
altered mental status (Table 5).

Receiver operating characteristic curve analysis 
showed that the AUC value was 0.723 (95% CI: 
0.683–0.759) for m-qPitt and 0.708 (95% CI: 
0.669–0.745, p value 0.093) for qPitt, whereas 
lower AUC values were observed for qSOFA 
[0.700 (95% CI: 0.659–0.738, p value 0.128)] 
and SIRS [0.698 (95% CI 0.658–0.734, p value 
0.088)], respectively, which suggested that qPitt 
had the optimal discrimination power for pre-
dicting 14-day mortality in patients with BSI 
(Figure 2).

To select an appropriate cutoff value for m-qPitt, 
we also analyzed the performance characteristics 
of m-qPitt for predicting 14-day mortality at dif-
ferent total points. Using the maximal Youden 
index, the optimal dichotomous m-qPitt cutoff 
value was determined to be 3 points (Table 6).

Lastly, the Kaplan–Meier survival curves showed a 
notably lower 14-day survival rate in patients with 

https://journals.sagepub.com/home/tai


J Cai, M Yang et al.

journals.sagepub.com/home/tai 5

Table 2. Clinical characteristics of patients with 
bloodstream infection.

Variablesa Total (n = 1240)

Demographics

 Age (years) 64 (53.5–74.5)

 Gender (male) 779 (62.8)

 Weight (kg) 82 (67.5–96.5)

BSI information

 Community-onset BSI 514 (41.5)

  Bacteria classification  
(Gram-negative)

441 (35.6)

 MDROs 489 (39.4)

Comorbidities

 Myocardial infarction 229 (18.5)

 Congestive heart failure 406 (32.7)

 Peripheral vascular disease 160 (12.9)

 Cerebrovascular disease 194 (15.6)

 Dementia 43 (3.5)

 Chronic pulmonary disease 311 (25.1)

 Rheumatic disease 42 (3.4)

 Peptic ulcer disease 70 (5.6)

 Mild liver disease 316 (25.5)

 Severe liver disease 165 (13.3)

  Diabetes with chronic 
complication

144 (11.6)

  Diabetes without chronic 
complication

329 (26.5)

 Paraplegia 81 (6.5)

 Renal disease 344 (27.7)

 Malignancy 205 (16.5)

 Metastatic solid tumor 87 (7.0)

 CCI score 6 (3–8)

Immunocompromised status 189 (15.2)

Indwelling invasive lines 645 (52.0)

Variablesa Total (n = 1240)

AKI variables

 AKI-KDIGO stage 1 or greater 851 (68.6)

 CRRT 95 (7.7)

Scoring system

 GCS 14 (11–15)

 qPitt 2 (1–3)

 qSOFA 1 (1–2)

 SIRS 3 (2–4)

qPitt variables

  Hypothermia 
(temperature < 36°C)

10 (0.8)

  Hypotension (SBP < 90 mmHg 
or vasopressor use)

889 (71.7)

  Respiratory failure 
(respiratory rate ⩾ 25 breaths 
per minute or mechanical 
ventilation)

851 (68.6)

 Cardiac arrest 71 (5.7)

 Altered mental status 802 (64.7)

Clinical outcomes

 14-Day mortality 190 (15.3)

 28-Day mortality 292 (23.6)

aAll data are exhibited as number (%) or median (P25–P75).
AKI, acute kidney injury; BSI, bloodstream infection; CCI, 
Charlson comorbidity index; CRRT, continuous renal 
replacement therapy; GCS, Glasgow Coma Scale; KDIGO, 
Kidney Disease Improving Global Outcomes; MDRO, 
multidrug-resistant organism; qPitt, quick Pitt  
bacteremia score; qSOFA, quick Sequential Organ  
Failure Assessment; SBP, systolic blood pressure; SIRS, 
Systemic Inflammatory Response Syndrome score.

Table 2. (Continued)

(Continued)

a higher m-qPitt score stratified by our selected 
cut-off value, namely m-qPitt ⩾ 3 (Figure 3).

Application of m-qPitt in predicting 28-day 
mortality
In comparison with the AUC values of qPitt 
[0.662 (95% CI: 0.626–0.695, p-value < 0.001)], 
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Table 3. Univariate logistic regression analysis for risk factors of 14-day mortality in BSI.

Variablesa Survival (n = 1050) Death (n = 190) OR (95% CI) p Value

Demographics

 Age per year 63 (52–73) 68 (57–79) 1.047 (1.017–1.078) 0.002*

 Gender (male) 653 (62.2) 126 (66.3) 1.181 (0.815–1.711) 0.379

 Weight per kg 81.9 (69.4–98.1) 82.7 (70–105) 1.002 (0.994–1.009) 0.658

BSI information

 Community-onset BSI 416 (39.6) 98 (51.6) 2.862 (1.929–4.246) <0.001*

  Bacteria classification  
(Gram-negative)

347 (33.0) 67 (35.3) 1.019 (0.699–1.486) 0.921

 MDROs 635 (60.5) 116 (61.1) 1.046 (0.722–1.516) 0.812

Comorbidities

 Myocardial infarction 191 (18.2) 38 (20) 1.011 (0.585–1.746) 0.969

 Congestive heart failure 336 (32) 70 (36.8) 1.509 (0.897–2.536) 0.121

 Peripheral vascular disease 133 (12.7) 27 (14.2) 1.274 (0.713–2.275) 0.414

 Cerebrovascular disease 156 (14.9) 38 (20) 1.721 (0.988–3.000) 0.055

 Dementia 36 (3.4) 7 (3.7) 1.557 (0.591–4.107) 0.371

 Chronic pulmonary disease 265 (25.2) 46 (24.2) 0.992 (0.593–1.661) 0.977

 Rheumatic disease 32 (3.0) 10 (5.3) 2.287 (0.948–5.515) 0.065

 Peptic ulcer disease 58 (5.5) 12 (6.3) 1.361 (0.623–2.970) 0.439

 Mild liver disease 257 (24.5) 59 (31.1) 1.654 (0.982–2.787) 0.059

 Severe liver disease 134 (12.8) 31 (16.3) 2.007 (0.817–4.930) 0.129

  Diabetes with chronic 
complication

120 (11.4) 24 (12.6) 1.517 (0.667–3.447) 0.320

  Diabetes without chronic 
complication

273 (26) 56 (29.5) 1.237 (0.769–1.988) 0.380

 Paraplegia 66 (6.3) 15 (7.9) 2.086 (0.828–5.253) 0.119

 Renal disease 291 (27.7) 53 (27.9) 1.055 (0.484–2.303) 0.892

 Malignancy 170 (16.2) 35 (18.4) 2.080 (0.963–4.493) 0.062

 Metastatic solid tumor 71 (6.8) 16 (8.4) 3.378 (0.676–
16.892)

0.138

 CCI score 14 (11–15) 14 (10–15) 0.833 (0.608–1.140) 0.254

Immunocompromised status 166 (15.8) 23 (12.1) 0.717 (0.421–1.221) 0.220

Indwelling invasive lines 524 (49.9) 121 (63.7) 1.760 (1.279–2.423) <0.001*

(Continued)
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Table 4. Multivariate logistic regression analysis for risk factors of 14-day mortality in BSI.

Variables OR (95% CI) p Value

Age per year 1.025 (1.014–1.037) <0.001

Community-onset BSI 2.476 (1.738–3.527) <0.001

Indwelling invasive lines 1.574 (1.096–2.261) 0.014

AKI-KDIGO stage 1 or greater 2.653 (1.701–4.137) <0.001

Hypothermia (temperature < 36°C) 26.686 (4.498–158.334) <0.001

Hypotension (SBP < 90 mmHg or vasopressor use) 1.707 (1.110–2.623) 0.015

Respiratory failure (respiratory rate ⩾ 25 breaths per minute  
or mechanical ventilation)

1.632 (1.069–2.492) 0.023

Cardiac arrest 1.884 (1.037–3.423) 0.038

GCS ⩽ 8 1.774 (1.144–2.752) 0.011

AKI, acute kidney injury; BSI, bloodstream infection; CI, confidence interval; GCS, Glasgow Coma Scale; KDIGO, Kidney 
Disease Improving Global Outcomes; OR, odds ratio; SBP, systolic blood pressure.

Variablesa Survival (n = 1050) Death (n = 190) OR (95% CI) p Value

AKI variables

 AKI-KDIGO stage 1 or greater 691 (65.8) 160 (84.2) 2.609 (1.632–4.171) 0.003*

 CRRT 65 (6.2) 30 (15.8) 2.301 (1.324–4.000) 0.063

qPitt variables

  Hypothermia 
(temperature < 36°C)

2 (0.2) 8 (4.2) 23.723 (3.981–
141.385)

<0.001*

  Hypotension (SBP < 90 mmHg 
or vasopressor use)

731 (69.6) 158 (83.2) 1.744 (1.116–2.726) 0.015*

  Respiratory failure 
(respiratory rate ⩾ 25 breaths 
per minute or mechanical 
ventilation)

697 (66.4) 154 (81.1) 1.624 (1.047–2.519) 0.031*

 Cardiac arrest 50 (4.8) 21 (11.1) 2.060 (1.104–3.844) 0.023*

 Altered mental status 678 (64.6) 124 (65.3) 1.019 (0.674–1.542) 0.928

 GCS ⩽ 8 129 (12.3) 38 (20) 1.703 (1.057–2.744) 0.029*

aAll data are exhibited as number (%) or median (P25–P75).
*p Value <0.05.
AKI, acute kidney injury; BSI, bloodstream infection; CCI, Charlson comorbidity index; CI, confidence interval; CRRT, 
continuous renal replacement therapy; GCS, Glasgow Coma Scale; KDIGO, Kidney Disease Improving Global Outcomes; 
MDROs, multidrug-resistant organisms; OR, odds ratio; SBP, systolic blood pressure.

Table 3. (Continued)
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qSOFA [0.641 (95% CI: 0.605–0.675, p-value <  
0.001)], and SIRS [0.636 (95% CI: 0.600–0.670, 
p-value < 0.001)], the m-qPitt [0.700 (95% CI: 
0.666–0.732)] also had an acceptable perfor-
mance and a favorable discrimination power in 
predicting 28-day mortality for BSI patients 
(Figure 4). In addition, the results of the survival 
analysis for 28-day mortality showed that an indi-
vidual BSI patient with a total score of m-qPitt ⩾ 3 

had a higher risk of death, which was similar to 
the results for 14-day mortality (Figure 5).

Discussion
To the best of our knowledge, this is the first 
comprehensive investigation to evaluate the clini-
cal efficacy of qPitt in predicting mortality in 
patients with Gram-negative and Gram-positive 
BSI. The 14-day and 28-day mortality rates in 
our study were 15.3% and 23.6%, respectively, 
while similar results were observed in previous 
studies.2,21,22 We identified significant risk factors 
related to 14-day all-cause mortality in patients 
with BSI and developed the m-qPitt, a practical 
and reliable scoring system with four components 
(hypothermia, hypotension, respiratory failure, 
and cardiac arrest) from the original qPitt, which 
had notably better discrimination ability than the 
original qPitt and other scoring systems in pre-
dicting 14-day and 28-day mortality. An 
m-qPitt ⩾ 3 may be a suitable cut-off value in the 
clinical decision-making process to distinguish 
BSI patients with a high risk of death, which 
could provide reliable evidence for early antimi-
crobial treatment to improve life-saving potential 
as much as possible. Interestingly, m-qPitt had a 
significantly better performance in predicting 
28-day mortality than in predicting 14-day 

Figure 2. Receiver operating characteristic curve analysis of the m-qPitt score for predicting 14-day mortality 
of critically ill patients with bloodstream infection. The area under the curve was 0.723 (95% CI: 0.669–0.745) 
for m-qPitt and 0.700 (95% CI: 0.659–0.738) for qPitt.
m-qPitt, modified quick Pitt bacteremia.

Table 5. The m-qPitt score.

m-qPitt variablea Point allocation

Hypothermia (temperature < 36°C) 1

Hypotension (SBP < 90 mmHg or vasopressor use) 1

Respiratory failure (respiratory rate ⩾ 25 breaths 
per minute or mechanical ventilation)

1

Cardiac arrest 1

GCS ⩽ 8 1

AKI 1

aThe worst (highest or lowest) variable is collected in the 24 h leading to and 24 h 
following collection of index blood culture.
AKI, acute kidney injury; GCS, Glasgow Coma Scale; m-qPitt, modified quick Pitt 
bacteremia; SBP, systolic blood pressure.
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Table 6. Performance characteristics of m-qPitt in predicting 14-day mortality at different cut-off values.

m-qPitt value Sensitivity Specificity PPV NPV Yia

m-qPitt ⩾ 1 0.75 0.47 0.20 0.91 0.22

m-qPitt ⩾ 2 0.88 0.43 0.22 0.95 0.32

m-qPitt ⩾ 3 0.66 0.68 0.66 0.92 0.34

m-qPitt ⩾ 4 0.49 0.77 0.28 0.89 0.26

m-qPitt ⩾ 5 0.41 0.80 0.27 0.88 0.21

m-qPitt ⩾ 6 0.74 0.47 0.20 0.91 0.21

aYouden index = Sensitivity + Specificity − 1.
m-qPitt, modified quick Pitt bacteremia; NPV, negative predictive value; PPV, positive predictive value; Yi, Youden index.

Figure 3. The Kaplan–Meier 14-day survival curve of critically ill patients with bloodstream infection stratified 
by the m-qPitt score at the cut-off value (m-qPitt ⩾ 3). Log-rank test: p value < 0.001.
m-qPitt, modified quick Pitt bacteremia.

mortality in critically ill patients in terms of the 
results of the Delong test.

One of the main highlights of the present study 
was the discovery that AKI played an important 
role in predicting mortality in patients with BSI. 
The incidence of AKI was shown to increase the 
risk of all-cause mortality 2.65 times in patients 
with BSI. This was similar to the conclusions of 
several previous studies, in which deteriorated 
renal function was a crucial prognostic factor 
affecting mortality in patients with severe infec-
tions, including BSI.23–25 Westgeest et  al.9 con-
ducted a multicenter retrospective cohort study 
and found that AKI development was highly 

associated with 30-day mortality in patients with 
S. aureus bacteremia. Moreover, patients with 
CRAB complex bacteremia had poor clinical out-
comes when they had AKI.26 Therefore, it is rec-
ommended to evaluate the occurrence of AKI in 
m-qPitt since dynamic surveillance of SCr level 
and urine output volume is available and rapid by 
point-of-care testing in daily clinical practice. 
Nevertheless, evaluating SCr levels and urine out-
put volume remains more time-consuming than 
evaluating other physiological parameters. To 
extend the scope of m-qPitt application as much 
as possible, it is vital to shorten the delay time to 
identify the occurrence of AKI by utilizing novel 
rapid techniques or new exogenous biomarkers.
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Figure 4. Receiver operating characteristic curve analysis of the m-qPitt score for predicting 28-day mortality 
of critically ill patients with bloodstream infection. The area under the curve was 0.700 (95% CI: 0.666–0.732) 
for m-qPitt and 0.662 (95% CI: 0.626–0.695) for qPitt.
m-qPitt, modified quick Pitt bacteremia.

Figure 5. The Kaplan–Meier 28-day survival curve of critically ill patients with bloodstream infection stratified 
by the m-qPitt score at the cut-off value (m-qPitt ⩾ 3). Log-rank test: p-value < 0.001.
m-qPitt, modified quick Pitt bacteremia.

The GCS is widely considered an effective stand-
ard for evaluating the severity of unconsciousness 
because of its objectivity and convenience.27 We 
also sought to emphasize the importance of the 
GCS score in predicting BSI mortality. According 
to our findings, we have modified the original 
qPitt component from altered mental status to 
GCS ⩽ 8 to improve the predictive performance of 
m-qPitt, whereas GCS ⩽ 8 is usually used to 
define coma.28 This means that a much more 

seriously altered mentation might be preferable 
for predicting BSI patient mortality. However, 
most patients with GCS ⩽ 8 will probably be con-
sidered critically ill and transferred to the ICU. 
Therefore, quite a few non-ICU patients may not 
meet the criteria of GCS ⩽ 8, whereas we have 
only enrolled ICU patients in our study. Another 
arrestive point is the potential overlapping phe-
nomenon of patients with GCS ⩽ 8 and patients 
with respiratory failure requiring mechanical 
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ventilation. Mechanical ventilation is usually 
accompanied by the use of sedatives and neuro-
muscular blocking agents, which can iatrogeni-
cally induce the emergence of GCS ⩽ 8. Given 
that altered mental status was still adopted in sev-
eral scoring systems for critically ill patients (such 
as qSOFA), the aforesaid perspectives should be 
demonstrated in our next-step studies to deter-
mine whether GCS ⩽ 8 would be the suitable cut-
off value for both ICU and non-ICU patients with 
BSI, as well as distinguishing GCS ⩽ 8 from res-
piratory failure requiring intubation in other ways, 
including but not limited to performing GCS 
score evaluation prior to mechanical ventilation.

Another intriguing point in our study was that a 
higher mortality rate was observed in patients 
diagnosed with community-onset BSI, which has 
rarely been mentioned in the literature. One pos-
sible reason is that we could not accurately dif-
ferentiate community- and healthcare-associated 
BSI from community-onset BSI owing to the lack 
of corresponding information to match the crite-
ria for classifying healthcare-associated BSI from 
the MIMIC-IV database.29 Accumulating evi-
dence suggests that healthcare-associated BSI has 
distinct characteristics and epidemiology, with 
underlying diseases, sources of infection, causa-
tive pathogens, and clinical outcomes resembling 
those observed in hospital-onset BSI rather than 
community-associated BSI.30–33 Hence, we did 
not add this potential variable to m-qPitt for BSI 
mortality prediction.

Considering the significance of the immune sys-
tem in our understanding of the pathophysiolog-
ical mechanism of infection, it is not surprising 
that an immunocompromised status would be a 
biologically feasible and widely acknowledged 
risk factor for increasing mortality in critically ill 
patients with BSI.34 However, we discovered that 
an immunocompromised status did not signifi-
cantly influence the mortality of patients with 
BSI in the current study. Another multicenter 
cohort study including 907 patients with  
S. aureus bacteremia also found no significant 
difference between immunosuppressed and 
immunocompetent patients in terms of overall 
in-hospital mortality.35 Not coincidentally, it has 
been reported that those who had sepsis and 
septic shock with an immunocompromised sta-
tus did not have a higher mortality rate than 
non-immunocompromised patients.36 Battle and 
Al-Hasan37 thought that immunocompromised 

patients would more easily capture the clini-
cians’ attention and receive aggressive empirical 
antimicrobial treatments, which could be a plau-
sible explanation for this phenomenon. This par-
adox may also be related to immunosuppression, 
which could inhibit the development of the sep-
sis cascade by lowering the pro-inflammatory 
chemokine and cytokine responses.38–40 Further 
clinical research is necessary to validate this per-
ceived contradiction between immunosup-
pressed status and a lower mortality rate in a 
larger population.

Based on the results of earlier studies, bacteremia 
caused by MDROs can increase mortality, length 
of stay, and readmission rates.41–44 Notably, we 
found that the 14-day mortality in BSI caused by 
MDROs was slightly but not significantly higher 
than that ascribed to non-MDROs in our study. 
Dinh et al. conducted a retrospective study of BSI 
patients with spinal cord injury to identify the 
clinical risks of MDROs. They also found no sig-
nificant differences in BSI mortality between 
patients infected by MDROs and non-MDROs.45 
This could be interpreted as a decrease in bacte-
rial metabolic fitness stemming from antibiotic 
resistance, which could possibly attenuate viru-
lence in pathogenic bacteria.46–48

Our study had several limitations. First, owing to 
the retrospective nature of the MIMIC-IV data-
base, the quality of records could be influenced 
by missing data and input errors. A well-designed 
prospective study with a larger sample size should 
be conducted to validate the efficacy of m-qPitt. 
Second, potential contaminants of blood cultures 
were not identified and excluded from our study, 
such as coagulase-negative Staphylococcus or 
Corynebacterium species, which could threaten the 
reliability of our modified scoring system. Third, 
we did not evaluate the appropriateness and delay 
of antimicrobial treatment regimens, which might 
be another vital contributing factor to the final 
results. Fourth, laboratory parameters of hepatic 
function were not measured in this study because 
the current hepatic-associated scoring system 
could only reflect the liver function of patients 
with specific hepatic diseases. It is also inaccurate 
and inconvenient to evaluate hepatic function by 
monitoring the fluctuations in several hepatic 
parameters. In addition, there are other AKI clas-
sification criteria, including risk, injury, failure, 
loss of kidney function, and end-stage kidney dis-
ease classification and acute kidney injury 
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network classification, besides KDIGO, which 
should be compared in our further investigation.

Conclusion
We identified multiple risk factors that may affect 
the survival of BSI patients through multivariate 
analysis. To enhance the predictive performance 
of qPitt, a novel scoring system (m-qPitt) has 
been optimized and developed based on our 
results and the original qPitt, which has accepta-
ble capability and reliability for predicting mortal-
ity in critically ill patients with BSI. This could 
provide adequate evidence for the preliminary 
judgment of BSI prognosis and the early identifi-
cation of high-risk BSI patients by clinicians and 
pharmacists. More importantly, the development 
of m-qPitt indicated that the incidence of AKI of 
any degree of severity was a crucial prognostic 
factor contributing to BSI mortality. Large-scale 
prospective studies should be conducted to inves-
tigate the clinical efficacy and applicability of 
m-qPitt for more BSI patients.
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