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Abstract

Objectives: We hypothesized that lactate clearance and reduction of the Sequential
Organ Failure Assessment (SOFA) score during patients’ critical care resuscitation unit
(CCRU) stay would be associated with lower in-hospital mortality.

Methods: This was a retrospective study of adult patients who had sepsis diagnoses
and were admitted to the CCRU in 2018. Multivariable logistic regression analysis was
performed to assess the association of clinical factors, lactate clearance, and SOFA
reduction with hospital mortality.

Results: Atotal of 401 patients with lactate clearance data and 455 patients with SOFA
score data were included in the study. The mean (SD) lactate and SOFA score on admis-
sion were 2.2 (1.8) mmol/L and 4.4 (4.3), respectively. Average lactate clearance was
0.1 (2.6) mmol/L, and average SOFA score reduction was 0.65 (5.9). Patients with a one
point reduction in SOFA score during their CCRU stay had a 31% reduction of mor-
tality (odds ratio [OR] 0.69, 95% confidence interval [CI] 0.62-0.77, p < 0.001). SOFA
score reduction was associated with lower hospital mortality for both surgical patients
(OR 0.69, 95% Cl 0.58-0.81, p < 0.001) and non-surgical patients (OR 0.71 95% Cl
0.06-0.83,p < 0.001).

Conclusion: SOFA score reduction, but not lactate clearance during the CCRU stay, was
associated with lower odds of in-hospital mortality. These findings suggest that resus-
citative efforts leading to an early improvement in SOFA score may benefit patients

with sepsis.
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1 | INTRODUCTION

1.1 | Background

Sepsis continues to be a large driver of mortality in US hospitals, with
mortality rates on hospital admission reported to be as high as 34.9%.1
Mortality among critically ill patients with sepsis has been shown to be
associated with severity of organ dysfunction and biomarkers, such as
lactate. A major focus of modern sepsis treatment is the early recogni-
tion and implementation of intensive resuscitation of septic patients to

reduce mortality.?

1.2 | Importance
Lactate and lactate clearance have been demonstrated to be predictors
of mortality in critically ill patients in various settings.3"¢ The corre-
lation between disease severity, as measured by in-hospital mortality,
and elevated lactate has been particularly evident in sepsis, even in
the absence of significant hypotension.”® In particular, lactate clear-
ance in intensive care unit (ICU) settings has been linked to decreased
mortality in patients with septic shock.?-11

Besides lactate, Sequential Organ Failure Assessment (SOFA)
scores have also demonstrated an association with mortality in crit-
ical illness.’? This scoring system was designed to standardize levels
of organ dysfunction and has been demonstrated to be more accu-
rate at predicting mortality in patients with septic shock than Systemic
Inflammatory Response Syndrome (SIRS) criteria.’®> SOFA scores have
provided clinicians with valuable data for patient prognosis both in the
ICU and in the emergency department (ED).1*

1.3 | Goals of this investigation
The impact of ED interventions on organ failure has been well docu-
mented with the greatest decrease in organ dysfunction scores, such
as SOFA scores, occurring during a patient’s ED stay.® In addition, a
previous study from the Critical Care Resuscitation Unit (CCRU) at the
University of Maryland Medical Center (UMMC) found that transfer-
ring outside patients directly to the CCRU rather than to a traditional
ICU was associated with decreased transfer times and decreased
mortality rates.®

A recent analysis of a heterogenous group of patients including
critical vascular and neurologic patients with elevated serum lactate
levels found that resuscitative interventions in the CCRU decreased
lactate and SOFA scores. In this group, a decrease in SOFA score
was associated with decreased in-hospital mortality.)” However, this
patient population included patients whose outcomes are not gen-
erally expected to be as closely related to markers of resuscitation
such as lactate and SOFA score. Given the known association between
these variables and mortality in sepsis, we hypothesized that early lac-
tate clearance and SOFA score reduction during patients’ CCRU stay
would be associated with decreased risk of in-hospital mortality among
critically ill sepsis patients.

The Bottom Line

Early recognition and treatment are key for improving sepsis
outcomes. In this study of over 400 sepsis patients treated
in a critical care resuscitation unit, Sequential Organ Failure
Assessment (SOFA) reduction, but not lactate clearance, was
associated with lower odds of death. SOFA change may have

utility as a gauge of successful sepsis resuscitation.

2 | METHODS

2.1 | Study settings

The CCRU is a six-bed resuscitation ICU located in the R. Adams Cow-
ley Shock Trauma Center at UMMC and is physically separated from
the ED at our institution. The CCRU accepts nontraumatic critically
ill transfers to expedite access to care only available at a quaternary
medical center.!® Patients from any EDs, any non-acute inpatient units
(medical or surgical wards), or any ICUs can be transferred to the
CCRU. This function distinguishes the CCRU from other ED-based
resuscitation units, which cannot accept transfer from other ICUs.
Prior to transfer, these patients received initial resuscitative mea-
sures including early fluids, antibiotics, and bundled sepsis measures.
Through an expert critical care team, the CCRU provides early, aggres-
sive resuscitation to critically ill patients. The CCRU is composed of and
staffed continuously by a dual boarded emergency medicine-critical
care attending physician, an advanced practice provider (APP), three
nurses, and a charge nurse. Nursing staff are required to have at least
2 years of prior ICU experience before working in the CCRU. Flexi-
ble staffing provides up to two nurses for clinical management at the
bedside during the acute phase, facilitating early, aggressive resusci-
tative measures. There are no specific protocols or policies guiding
resuscitation in the CCRU. Rather, interventions are guided by the
ED-Intensivist, in collaboration with the subspecialty teams for each
patient’s disease state, providing additional resuscitation, early provi-
sion of invasive procedures, or referral for surgical source control if
necessary. Following CCRU stabilization, patients are transferred to

the appropriate inpatient units for further longitudinal care.

2.2 | Study design, patient selection, and
physiologic measures

We conducted a retrospective analysis of all adult patients diagnosed
as septic at the time of admission to the CCRU in the full calendar
year of 2018. Exclusion criteria included trauma, death in the CCRU,
change in resuscitation status in the CCRU, and incomplete data. Two
specific variables, lactate clearance and SOFA score reduction, were
evaluated as markers for patients’ clinical course in the CCRU. This
study was approved by the University of Maryland Baltimore’s IRB
(HP-00084554). For this type of study, formal consent is not required.
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2.3 | Outcome measures

The primary outcome was in-hospital mortality. We hypothesized that
improvement in resuscitation measures, reflected in lactate clear-
ance and reduction in SOFA score in the CCRU, would be associated
with decreased risk of subsequent in-hospital mortality for septic
patients. Lactate clearance was calculated by subtracting the lac-
tate level upon departure from the CCRU from the patients lactate
level on arrival. SOFA score reduction was similarly calculated as
SOFA score on arrival minus SOFA score on departure from the
unit. A secondary analysis of the association between SOFA score
reduction and lactate clearance and in-hospital mortality was per-
formed among the pre-specified subgroups of surgical or non-surgical
CCRU patients. Surgical patients were defined as patients who had
emergent surgical infections and required any surgical intervention
in an operating room either during their CCRU stay or immediately
afterwards. Patients undergoing a bedside procedure or a proce-
dure performed by interventional radiology were considered non-

surgical.

24 | Data collection

The UMMC’s electronic medical records were used for data collec-
tion. Members of the research team were trained by the principal
investigator to collect data using sets of five study patients’ charts.
Training continued until junior investigator accuracy reached 90% of
the senior investigators. Up to 10% of SOFA score data were also
randomly checked for accuracy. Any discrepancies were corrected by
senior investigators. Collected data included patient age, gender, past
medical history, hospital mortality, hospital length of stay, hospital dis-
charge, serum lactate levels, and components of the SOFA score. A
Microsoft Excel spreadsheet was used for data collection (Microsoft
Corp). Patients in which it was still possible to calculate a SOFA score
despite missing one component of the SOFA score were included in
analysis. Patients missing more than one component of the SOFA score
were excluded from analysis as were those missing data that made it

impossible to calculate accurate SOFA score.

2.5 | Statistical analysis

Demographic and clinical information are presented using descriptive
analyses with mean (+ standard deviation [SD]) or median (interquar-
tile range [IQR]) as appropriate. Comparisons between independent
variables are expressed with differences between groups (hospital sur-
vivors vs. non-survivors) and their associated 95% confidence intervals
(95% ClI).

Multivariate logistic regression analyses are conducted to deter-
mine the association between lactate clearance and SOFA score
reduction and in-hospital mortality. The effect of SOFA score reduction
is further examined in surgical and non-surgical patients. Independent
variables, considered important factors for in-hospital mortality, were

CCRU patients in 2018:
1740

4

CCRU patients with sepsis diagnosis:
505

Patients who died
> in the CCRU:
10
y
Patients who survived for CCRU transfer:
495
v : v
Missing post-resuscitation Missing post-resuscitation
SOFA data: lactate data:
40 94

. .

Patients included in SOFA Patients included in lactate

clearance analysis: clearance analysis:
455 401
FIGURE 1 Patient selection diagram.

selected a priori according to previous literature and entered into
the models.l” Results from multivariable logistic regression analyses
are expressed as odd ratio (OR), 95% Cl, and p-value. Multicollinear-
ity is assessed using the variance inflation factor (VIF). Factors with
VIF > 5 were considered to have high collinearity and are elimi-
nated from the models. The goodness-of-fit of the models is assessed
with the Hosmer-Lemeshow analysis, of which p-value > 0.05 indi-
cates good fit of the data. Performance of the models is evaluated
with the area under the receiver operating curve (AUROC). A model
with AUROC approaching 1.0 would indicate excellent discrimina-
tory capability between dichotomous outcomes (survivor vs. non-
survivor).

All descriptive analyses and multivariable logistic regression anal-
yses are performed with Minitab version 20 (www.minitab.com). All
statistical analyses with p-value < 0.05, except the Hosmer-Lemeshow

test, are considered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

A total of 1740 patients were admitted to the CCRU in 2018, 505
(29%) of whom had a sepsis diagnosis (Figure 1). Ten (2%) patients died
during their CCRU stay and were excluded from analysis. Of these 10
patients, decision makers withdrew life support from eight patients
prior to their death. Primary analysis included 401 patients with lac-
tate clearance data and 455 patients with SOFA score data. Patients’
average (SD) age was 53.9 (16.0) years, with a median length of stay in
the CCRU of 6 h and 24 min (IQR 3:12-17:36). The average lactate and
SOFA score on admission were 2.2 (1.8) mmol/L and 4.4 (4.3), respec-

tively. Average lactate clearance was 0.1 (2.6), and average SOFA score
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TABLE 1 Patient characteristics.

All patients  Survivors Non-survivors
Number of patients 495 445 50
Age, mean (SD) 53.9(16.0) 54.0(16.0) 53.1(15.8)
Female, n (%) 6.4(3.2,17.6)191(42.9) 23 (46.0)
Past medical history, n (%)
Hypertension 213(43.0) 179 (40.2) 16 (32.0)
Diabetes 164 (33.1) 144(32.4) 20 (40.0)
Liver disease 47 (9.5) 45(10.1) 2(4.0)
Kidney disease 97 (19.6) 86(19.3) 11(22.0)
Cardiac disease 99 (20.0) 90 (20.2) 9(18.0)
Shock index, mean (SD) 0.8(0.2) 0.8(0.2) .8 (0.2)
White blood cellcount ~ 17.5(23.4) 17.5(24.5) 17.5(9.2)
(counts/pL), mean (SD)
Hemoglobin (g/dL), 10.6 (3.7) 10.6 (3.8) 9.9(1.9)
mean (SD)
Arrival lactate 2.2(1.8) 2.1(1.6) 2.5(3.1)
(mmol/L), mean (SD)
Lactate change in 0.1(2.6) 0.1(2.4) -0.1(4.0)
CCRU, mean (SD)
Arrival SOFA score, 4.4(4.3) 4.3(4.2) 5.4(5.0)
mean (SD)
SOFA change in CCRU, -0.65 (5.9) -0.2(5.6) —4.6(6.8)
mean (SD)
CCRU length of stay, h 6.4(32,17.¢ 6.1(3.2,17.8) 11.1(3.6,17.2)
(IQR)
Invasive ventilation, n 140 (28.3) 123 (27.6) 17 (34.0)
(%)
Requiring 110(22.2) 94 (21.1) 16 (32.0)
vasopressors, n (%)
Diagnoses?, n (%)
Soft tissue 259(52.3) 233(52.4) 26(52.0)
Intra-abdominal 86(17.4) 80(18.0) 6(12.0)
Respiratory 43(8.7) 38(8.5) 5(10.0)
Medical other 42(8.5) 36(8.1) 6(12.0)
Surgical other 36(7.3) 33(7.0) 3(6.0)

Abbreviations: CCRU, critical care resuscitation unit; Cl, confidence inter-
val; IQR, interquartile range; SD, standard deviation; SOFA, Sequential
Organ Failure Assessment.

2Top five diagnosis categories indicated here.

reduction was 0.65 (5.9) during CCRU stay (Table 1). Further charac-
teristics between hospital survivors and non-survivors are presented in
Table 1.

A significant proportion of these patients received major interven-
tions during their CCRU stay (65.9%, 326/495) (Table 2). The most
common interventions were emergent surgical intervention (53.3%,
264/495 patients), intubation (8.7%, 43/495 patients), continuous
renal replacement therapy (5.5%, 27/495 patients), and hyperbaric
oxygenation therapy (4.0%, 20/495 patients).

TABLE 2 Interventions done in the critical care resuscitation unit
(CCRU) separated by survival.

Intervention, N (%) All patients  Survivors :ﬁ:ivors
VV ECMO 13(2.6) 13(2.9) 0(0.0)
VAECMO 1(0.2) 1(0.2) 0(0.0)
Continuous renal 27 (5.5) 22(4.9) 5(10.0)
replacement therapy (CRRT)

Intra-aortic balloon pump 3(0.6) 2(0.4) 1(2.0)
(IABP)

Intubation 43(8.7) 38(8.5) 5(1.0)
Interventional radiology 10(2.0) 10(2.2) 0(0.0)
Operating room 264 (53.3) 236(53.0) 28(56.0)
Hyperbaric therapy 20(4.0) 18 (4.0) 2(4.0)
Intermittent hemodialysis 12 (2.4) 9(2.0) 3(6.0)
Cardiac cath 1(0.2) 1(0.2) 0(0.0)
EGD 2(04) 2(04) 0(0.0)

Abbreviations: EGD, esophagogastroduodenoscopy; EVD, external ventric-
ular drainage; VA ECMO, veno-atrial extracorporeal membrane oxygena-
tion; VV ECMO, veno-venous extracorporeal membrane oxygenation.

TABLE 3 Multivariate logistic regression results of association
between physiological measures, including both lactate level plus
Sequential Organ Failure Assessment (SOFA) score and in-hospital
mortality.

Odds

ratio 95%ClI p VIF
Age 1.00 (0.97,1.03) 0.97 1.22
White blood cell 0.99 (0.98,1.01) 0.46 1.15
Hemoglobin 0.80 (0.67,0.96) 0.02* 1.15
Lactate at CCRU admission®  0.98 (0.75,1.27) 0.87 2.33
Lactate clearance? 1.11 (0.91,1.36) 0.30 2.66
SOFA at CCRU admission® 1.61 (1.35,1.92) 0.001* 4.29
SOFA clearance® 0.69 (0.62,0.77) 0.001* 3.96
Hypertension 0.75 (0.30,1.86) 0.53 1.39
Diabetes 152 (0.64,3.63) 0.34 1.28
Liver disease 0.18 (0.03,0.97) 0.046* 1.10
Kidney disease 1.12 (0.40,3.15) 0.84 1.25
Heart disease 1.72 (0.53,5.53) 0.37 1.39

Note: Hosmer-Lemeshow test chi-square p =0.29; AUROC = 0.88.
Abbreviations: AUROC, area under the receiving operating characteristic
curve; Cl, confidence interval; VIF, variance inflation factor.

2Pearson correlation between SOFA at CCRU admission and SOFA clear-
ance,r=0.67,p=0.001.

bPearson correlation between lactate at CCRU admission and lactate
clearance,r=0.66,p=0.001.

*The indicates statistically significant value.

3.2 | Main results
In a multivariate logistic regression analysis that included lactate, lac-
tate clearance, SOFA, and SOFA reduction, each unit of higher SOFA

score at arrival to the CCRU was associated with 61% higher odds
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TABLE 4 Results of two separate regressions for surgical and non-surgical populations showing association between Sequential Organ Failure
Assessment (SOFA) score reduction and lactate clearance and in-hospital mortality. Only primary variables of interest were reported in the model.

Surgical (196

patients)?
Odds ratios 95% ClI

Lactate at CCRU admission 0.37 (0.16,0.85) 0.02

Lactate clearance 1.18 (0.94, 1.49) 0.16
SOFA at CCRU admission 1.61 (1.28,2.02) 0.001
SOFA reduction 0.69 (0.58,0.81) 0.001

p-value

Non-surgical (172 patients)®

VIF Odds ratio 95% CI p-value VIF

1.76 0.92 (0.51,1.67) 0.79 341
1.51 1.19 (0.76, 1.88) 0.45 S
4.16 1.15 (0.90, 1.48) 0.27 2.23
3.27 0.71 (0.60,0.83) 0.001 2.25

Abbreviations: CCRU, critical care resuscitation unit; Cl, confidence interval; VIF, variance inflation factor.

2Hosmer-Lemeshow p = 0.69, AUROC = 0.89.
bHosmer-Lemeshow p = 0.93, AUROC = 0.90.

of in-hospital mortality (OR 1.61, 95% Cl 1.35-1.92). For every point
of SOFA score reduction achieved during resuscitation in the CCRU,
patients had an associated 31% reduced odds of in-hospital mortal-
ity (OR 0.69, 95% Cl 0.62-0.77). Lactate at arrival to the CCRU and
lactate clearance did not show a statistically significant relationship
with mortality in this model. The model had an AUROC of 0.88, indi-
cating very good discriminatory capability. A high VIF was not seen for
independent variables in the model, indicating a low likelihood of mul-
ticollinearity among the variables (Table 3). Lactate values and SOFA
scores on admission to the CCRU were not strongly associated with
lactate clearance or SOFA score reduction (Pearson r = 0.66 and 0.67,
respectively) (Table 3).

SOFA score and serum lactate levels at CCRU admission were asso-
ciated with increased odds of in-hospital mortality for surgical patients
(Table 4). This association was not found for non-surgical patients. In
contrast, SOFA score reduction was associated with lower odds of sub-
sequent in-hospital mortality for both surgical patients (OR 0.69, 95%
Cl1 0.58-0.81) and non-surgical patients (OR 0.71, 95% Cl 0.60-0.83)
(Table 4).

4 | LIMITATIONS

This study has several limitations. First, the generalizability of these
findings is limited by the unique clinical setting and the practice of the
CCRU. Unlike most ED patients, CCRU patients have already received
early sepsis bundled resuscitation, whereas unlike most ICU patients,
CCRU patients benefit from expedited transfer from outside hospitals
allowing resuscitation earlier in the hospital course. Second, excluding
patients with incomplete data may introduce selection bias. Patients
for whom complete data were not obtained by the treating team may
have had a lower expected mortality than those included in the analy-
sis. Similarly, patients who were taken directly for surgical intervention
and thus did not have serial lactate and SOFA scores to calculate may
have a higher expected mortality than included patients. Our analysis
studied in-hospital mortality but no other outcomes such as hospital
length of stay. Additionally, just over half of the patients treated for
sepsis in the CCRU had soft tissue infection or necrotizing fasciitis as a
source of infection, which is a unique patient population. Patients with

necrotizing soft tissue infections may respond differently to resuscita-
tive efforts than patients with other sources of sepsis. Finally, though
SOFA score reduction is generally considered to be a marker of suc-
cessful resuscitation, some patients in our study had an increase in
their SOFA score due to appropriate resuscitation efforts (e.g., intuba-
tion and initiation of vasopressors) and this patient population was not

studied separately.1?20

5 | DISCUSSION

This study demonstrates an association between reduction in SOFA
score, a marker of successful reduction of risk for multiorgan dys-
function, and in-hospital mortality among septic patients. Each point
of reduction in SOFA in the CCRU was associated with a 31% reduc-
tion of in-hospital mortality. Lactate clearance, a commonly used
measurement for resuscitation, was not found to be associated with
mortality.

This study supports prior literature focusing on patients with sep-
tic shock that suggests early and effective resuscitation as measured
by improvement in clinical and laboratory markers is associated with
improved patient outcomes. A prior study by Nguyen et al. demon-
strated that early resuscitation of septic shock in the ED, as measured
by improved physiologic scores during the first 24 h, was associated
with lower mortality.1% Another prior study of CCRU patients found a
relationship between improvement in physiologic score and mortality
in patients with severe shock.”

Unlike other studies investigating lactate clearance, this study did
not find a relationship between lactate clearance and mortality. This
may be because patients had already received the standard sepsis bun-
dle of care prior to being included in this study. This study also included
patients with a diagnosis of sepsis with and without shock and accord-
ingly had a patient population with a relatively low initial lactate value
(median lactate at CCRU admission of 2.2 mmol/L) and small lactate
clearance during CCRU stay. The small level of lactate clearance after
initial sepsis bundled care was not enough to demonstrate improved
outcomes.

Patients in this study had a mean SOFA score reduction of 0.65
points, and each point of SOFA score reduction was associated with
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31% lower likelihood of in-hospital mortality. These findings suggest
thateveninthe absence of ahighly elevated serum lactate level, revers-
ing organ dysfunction, as reflected by the SOFA score, is associated
with reduced in-hospital mortality. This study demonstrates a greater
reduction of mortality for each point reduction in SOFA score than a
previous study of patients with elevated serum lactate due to severe
shock. Thus, this study may suggest a stronger association between
SOFA score reduction and mortality in patients who have not yet devel-
oped severe shock. The fact that patients in this study already received
the standard sepsis bundle such as early fluids and antibiotics prior to
being transferred to the CCRU suggests benefits to further resuscita-
tive efforts even after the standard sepsis bundle has been completed.
If lactate clearance at this stage of resuscitation is not associated
with mortality, the use of detailed physiologic parameters included in
the SOFA score may be a good alternative measure of patients’ clin-
ical progress. These findings appeared to apply to both surgical and
non-surgical patients within the study population.

Each point of SOFA score reduction during CCRU stay was asso-
ciated with 31% reduced odds of in-hospital mortality, but lactate
clearance was not associated with mortality. This study suggests that
early and successful prevention of further organ failure, as mea-
sured by SOFA score, improves outcomes in patients with sepsis.
Further studies are needed to confirm this observation (Supporting

Information).
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