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Abstract. Advances in sepsis resuscitation have significantly improved shockcontrol; however,manypatients still die
after septic shock reversal. We conducted a retrospective review to examine in-hospital death in whom shock was
reversed and vasopressor was discontinued for 72 hours or longer. Factors independently associated with death were
determined.Medical recordsof septic shock survivors from themedical intensive care unit of theDepartment ofMedicine,
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand, during January 2012–January 2019 were
analyzed. A total of 350 septic shock patients were enrolled. Of these, 280 survived initial resuscitation. Eighty of 280
patients died, 45 diedby 28days (16.1%), and35 (12.5%) died thereafter during their hospital stay.Multi-organ failure and
hospital-acquired pneumonia (HAP) were the leading causes of death, followed by other infection and noninfectious
complication. Although the death group hadmore laboratory derangement and required more organ support, there were
four factors associated with mortality from multivariate analysis. Hospital-acquired pneumonia was the leading factor,
followed by sequential organ failure assessment score and serum albumin at 72 hours after discontinuation of vaso-
pressors, and total intravenous fluid during 72 hours after discontinuation of vasopressors. In-hospital mortality after
hemodynamic restoration in patients with septic shock was substantial. Causes and contributing factors were identified.
Measures to mitigate these risks would be beneficial for rendering more favorable patient outcomes.

INTRODUCTION

Septic shock is the most common cause of intensive care
unit (ICU) admission worldwide. Recent guidelines consisting
mainly of early diagnosis and effective goal-directed re-
suscitation bring about better shock control.1 Improvements
in the quality of critical care and widespread utilization of new
advanced technologies have also enhanced ICU outcomes.
However, a significant number of patients still die following
septic shock reversal.
The mortality rate during the first 24 hours of septic shock

was reported to be 4.9%.2 Those who died had higher initial
serum lactate and a higher modified sequential organ failure
assessment (SOFA) score, which indicates failure to restore
perfusion and reverse severe organ dysfunction. Death in
patients who survived initial shock phase was investigated by
Prescott et al.3 Nine hundred sixty sepsis patients from the
overall U.S. Health and Retirement Study cohort were in-
cluded. Among those patients, death at 30 days, 90 days, 1
year, and 2 years was 25.4%, 41.3%, 48.5%, and 56.5%,
respectively.Mortality in these patientswas higher than that in
three matched cohorts consisting of adults who were not in
the hospital, those who had infection without sepsis, and
patients with sterile inflammation. Interestingly, death during
the first half of the year after hospitalization was due to sepsis
complication, and death during the second half of the year
after hospitalization was due to age or preexisting underlying
conditions. Long-term outcomes were described in the Co-
operative Study of Corticosteroids in Systemic Sepsis.4 The
risk of dying from sepsis was higher in sepsis survivors than
in controls during the first year, and the risk of dying from
non–sepsis-related causes continued to be higher in sepsis

survivors than in non-sepsis patients with similar conditions
for 5 years. Other important studies revealed significant
morbidity following sepsis, including physical disability, cog-
nitive impairment,5 cardiovascular event,6 bronchopulmonary
aspiration,7 and hospital readmission with sepsis and other
critical problems.8 Using this information, measures to miti-
gate post-sepsis mortality were proposed.9 However, the
factors that influence mortality in this patient population may
differ among countries and medical centers.
A study fromour center in 2009 reported ratesof 28-day and

hospital mortality of 34.3% and 52.6%, respectively.10 Sepsis
resuscitation guidelines and bundles were implemented
thereafter, with substantial improvement in outcomes.11,12

However, no recommendation regarding post-shock man-
agement was established. To improve overall hospital out-
comes, more information is needed specific to patient clinical
status following shock reversal, and the causes of and risk
factors for in-hospital death must be identified. Accordingly,
the aim of this study was to investigate in-hospital death in
early septic shock survivors in whom shock was reversed and
vasopressor was discontinued for 72 hours or longer. The
secondary objective was to identify factors independently
associated with in-hospital mortality.

METHODS

We performed a medical record review of patients with
septic shock who were admitted to the medical ICU and
medical wards of Siriraj Hospital, which is a 2,300-bed tertiary
care hospital that is affiliated with Mahidol University (Bang-
kok, Thailand). Data of patients who were admitted during the
January 2012–January 2019 study period were retrieved and
included. Septic shock was diagnosed according to the Third
International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) criteria.13 Early septic shock survivors in
whomshockwas successfully resuscitated and vasopressors
were discontinued for 72 hours or longer were included.
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Patients aged less than 18 years and patients who died during
first resuscitation were excluded. Those who were referred
fromour ICU toother hospitals before day 28andpatientswith
terminal disease or do-not-resuscitate (DNR) order were also
excluded. In patients with ICU readmission during a hospital
stay, the total course was considered as one visit. The study
protocol was reviewed and approved by the Institutional Re-
viewBoard of the Faculty ofMedicine Siriraj Hospital, Mahidol
University (SIRB approval no. Si 725/2018). Exemption from
obtaining written informed consent was granted because of
the retrospective observational nature of our study.
Definitions. Infection was defined as the presence of a

pathogenic microorganism in sterile sites (such as blood,
bronchoalveolar lavage, cerebrospinal fluid, or ascitic fluid)
and/or clinically suspected infection, plus ameliorating by
antibiotic administration. Sepsis was defined according to the
Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3) by infection plus organ dysfunction
represented by an increase in the SOFA score of two points or
more. Septic shock was clinically identified by sepsis patients
requiring vasopressor to maintain a mean arterial pressure of
65 mmHg or greater, together with the serum lactate level
greater than 2 mmol/L in the absence of hypovolemia.13

Starting time point was when sepsis or septic shock was di-
agnosed. Dependent status referred to a functional status
before admission was categorized into independent, which
means not depend on help for activities of daily living; partially
dependent and totally dependent, which mean depend on
help for activities of daily living less or more than 50%, re-
spectively. Multiple organ dysfunction was defined as the
SOFA score of at least one point for two organs or more.
Catheter-related bloodstream infection (CRBSI) is defined as
the presence of bacteremia originating from an intravenous
catheter. The diagnosis of CRBSI is confirmed by positive of
two blood cultures, according to Clinical Practice Guidelines
for the Diagnosis and Management of Intravascular Catheter-
Related Infection: 2009 Update by the Infectious Diseases
Society of America,14 obtained before administration of

antimicrobial therapy and after exclusion of alternate sources
of infection. Hospital-acquired pneumonia (HAP) is defined as
pneumonia that occurred 48 hours or more after admission
and did not appear to be incubating at the time of admission.
Ventilator-associated pneumonia (VAP) was defined as
pneumonia that presented more than 48 hours after endo-
tracheal intubation. Inadequate source control was defined as
failure to achieve adequate source control by definitive surgi-
cal or interventional radiology or administration of inappropriate
antibiotics of the presenting infection. Procedural complications
included two cases of pneumothorax and air embolism from
insertion of central venous catheter, and two cases of severe
bleeding from diagnostic procedures.
Data collection. Information obtained from medical re-

cords included age, gender, body weight/body mass index
(BMI), nature of infection, dependent status, and comorbid
conditions. Illness severity score (Acute Physiology and
Chronic Health Evaluation-II [APACHE-II]) and SOFA scores
were obtained daily from admission to day 7 after discontin-
uation of vasopressors for 72 hours. Clinical data including
blood pressure, resuscitation fluid, and vasopressor doses on
admission, at septic shock onset, at the worst time point
of septic shock, and during seven consecutive days after
successful discontinuation of vasopressor were recorded.
Laboratory data, includingwhite blood cell count, hemoglobin
(Hb), platelet (Plt) count, absolute neutrophil count, arterial
blood gas analysis, albumin (Alb), prothrombin time, total
bilirubin levels, serum creatinine, blood urea nitrogen
(BUN), and lactate level, were recorded.
Death in the ICU and in the hospital was reviewed for spe-

cific causes. Infection was defined using suggestive history,
clinical information, and laboratory findings that led to anti-
infective treatment (excluding prophylaxis). We also recorded
whether the patient and the family had documented DNR or-
ders or decisions to withhold futile treatments because those
patients were excluded from analysis.
Statistical analysis. Clinical variables were analyzed using

descriptive statistics expressed as number and percentage

FIGURE 1. Study flow diagram.
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for categorical data, and as mean ± SD or median and
interquartile range (IQR) dependingonwhether the continuous
data were normally or non-normally distributed. Comparisons
between survivors and non-survivorsweremade on the day of
admission, on the day of septic shock onset, on the worst day
of shock, and on each of seven consecutive days after vaso-
pressorswere discontinued for 72 hours. Differences between
continuous variables were compared using the Mann–
Whitney U test for non-normal data distributions, and by in-
dependent t-test for normal data distributions. Dichotomous
variables were compared using Pearson’s χ2 test or Fisher’s
exact test. Factors associated with mortality in septic shock
survivors were evaluated by Cox regression analysis and the
Kaplan–Meier log-rank test. Univariate logistic regression
analysiswas used to identify possible predictors of in-hospital
mortality. Variables with a P-value less than 0.01 in univariate
analysis were included in multivariate logistic regression
analysis. In the multivariate model, P-values less than 0.01
were considered statistically significant. The absence of a

significant increase in the likelihood value on omission of each
of the remaining variables was checked. The results are
expressed as adjusted hazard ratio and 95% CI. In addition,
the Kaplan–Meier estimate was calculated for overall survival
based on the length of in-hospital stay. The log-rank test was
used to compare Kaplan–Meier estimates. Significance was
accepted for P < 0.01. All statistical tests were performed
using Software for Statistics and Data Science for midsized
datasets (STATA/IC 14.0; StataCorp LLC, College Sta-
tion, TX).

RESULTS

A total of 350 septic shock patients were evaluated for en-
rollment in this study. As noted in Figure 1, 70 patients were
excluded from analysis. Of those, 37 had a DNR order, 20 did
not survive first resuscitation, 10 still needed vasopressors
after 72 hours and they died thereafter, two were aged less
than 18 years, and one patient was pregnant. Among the

TABLE 1
Characteristics of septic shock survivors compared between those who died in-hospital and those who were discharged alive*

Variable Total (N = 280)

Hospital outcomes

P-valueDied (n = 80) Survived (n = 200)

Age (years) 66 (55, 77) 69 (59, 79.5) 65 (55, 76) 0.419
Male gender, n (%) 145 (51.8) 48 (60) 97 (48.5) 0.211
Body mass index (kg/m2) 22.4 ± 4.6 22 ± 4.4 22.6 ± 4.7 0.374
Acute Physiology and Chronic Health
Evaluation-II score on admission

21 (16, 26) 21 (17, 27) 20 (16, 26) 0.643

Sequential organ failure assessment
score upon admission

5 (3, 10) 5 (3, 10) 5 (3, 9) 0.764

Status before admission, n (%)
Independent 181 (64.6) 44 (55) 137 (68.5) 0.777
Partially dependent 77 (27.5) 29 (36.3) 48 (24) 0.127
Totally dependent 22 (7.9) 7 (8.8) 15 (7.5) 0.806

Comorbidities, n (%)
Hypertension 153 (54.6) 51 (63.8) 102 (51) 0.063
Diabetes mellitus 97 (34.6) 29 (36.3) 68 (34) 0.443
Chronic kidney disease 80 (28.6) 37 (46.3) 43 (21.5) 0.154
Active malignancy 76 (27.1) 24 (30) 52 (26) 0.421
Immunosuppressed 61 (21.8) 20 (25) 41 (20.5) 0.685
Coronary artery disease 57 (20.4) 24 (30) 33 (16.5) 0.130
Cerebrovascular accident 42 (15) 15 (18.8) 27 (13.5) 0.825
Chronic liver disease 40 (14.3) 12 (15) 28 (14) 0.120
Chronic lung disease 20 (7.1) 10 (12.5) 10 (5) 0.802

Sites of infection, n (%)
Urinary tract infection 77 (27.5) 11 (13.8) 66 (33) 0.140
Intra-abdominal infection:

cholecystitis, diverticulitis, and liver
abscess

73 (26.1) 21 (26.3) 52 (26) 0.474

Pneumonia 72 (25.7) 29 (36.3) 43 (21.5) 0.842
Soft tissue infection: cellulitis,

necrotizing fasciitis, and pyomyositis
23 (8.2) 9 (11.3) 14 (7) 0.684

Septicemia 12 (4.3) 4 (5) 8 (4) 0.596
Febrile neutropenia 7 (2.5) 4 (5) 3 (1.5) 0.052
Catheter-related bloodstream infection 3 (1.1) 1 (1.3) 2 (1) 0.876
Infected peritoneal dialysis 1 (0.4) 1 (1.3) 0 (0) 0.370
Other source of infection 12 (4.3) 4 (5) 8 (4) 0.723

Initial physiologic and clinical data
Mean arterial blood pressure (mmHg) 55.6 ± 7 54.3 ± 4 56.7 ± 8.4 0.082
Lactate (mmol/L) 3 (2, 6.2) 4 (2.4, 6.2) 3.8 (2, 4.8) 0.134
Time to receive antibiotic (minutes) 48 (24, 81) 55 (24, 104.5) 48 (24, 72) 0.087
Total fluid volume (mL) during 24 hours

after admission
3,750 (1,012, 5,946.5) 3,847 (1,590, 6,269.5) 3,710 (1,007, 5,269.5) 0.081

Maximum dose of norepinephrine
(mcg/kg/minute) (for initial
resuscitation)

0.08 (0.05, 0.14) 0.11 (0.05, 0.17) 0.08 (0.04, 0.12) 0.063

* Values are presented as median (interquartile range), number, and percentage, or mean ± SD.
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280 septic shock survivors, 80 died during their hospital stay,
and200weredischargedalive.Of the 80patientswhodied, 45
died by 28 days (16.1%), and 35 (12.5%) died at some point
later during their hospital stay.
Patient demographic and initial physiologic andclinical data

are demonstrated in Table 1. The median age of all patients
was 66 (IQR: 55–77) years. Fifty percent were male, and the
mean BMI was 22.4 ± 4.6 kg/m2. Approximately 35% of pa-
tients had dependent status, either total or partial. Severity of

illness as judged by the median APACHE-II score and median
SOFA score on admission was 21 (IQR: 16–26) and five (IQR:
3–10), respectively. Diabetes mellitus, hypertension, and
chronic kidneydiseasewere themost commoncomorbidities.
There was no difference in age, gender, BMI, severity of ill-
ness, or comorbidities between the death and survivor
groups. Regarding site of infection, the three most frequent
diagnoses in both groups were urinary tract infection, intra-
abdominal infection, and pneumonia. Initial physiological and

TABLE 2
Clinical courses of septic shock survivors compared between those who died in-hospital and those who were discharged alive

Variable Total (N = 280)

Hospital outcomes

P-valueDied (n = 80) Survived (n = 200)

Intensive care unit LOS (days) 4 (0, 11.5) 14.5 (7, 26) 2 (0, 6) < 0.001
Hospital LOS (days) 16 (9, 30) 24.5 (15.5, 40.5) 12.5 (8, 24) < 0.001
The worst SOFA score 8 (6, 15) 15 (14, 19) 7 (5, 9) < 0.001
SOFA score at 72 hours after
discontinuation of vasopressor

3 (0, 5) 7 (5, 9) 1 (0, 4) < 0.001

Support during hospital stay
Days on antimicrobial therapy 11 (7,18) 16 (11,25) 9 (6,15) 0.053
Renal replacement therapy, n (%) 51 (18.2%) 37 (46.3%) 14 (7%) < 0.001
Days alive without respiratory support 15 (6, 28) 3 (0, 12.5) 22 (8, 28) < 0.001
Total fluid volume (mL) during 72 hours

after discontinuation of vasopressor
1,000 (346.5, 2,000) 2,744.5 (2,000, 4,834.5) 600 (200, 1,135) < 0.001

Complications during hospital stay, n (%)
Acute kidney injury 189 (67.5) 63 (78.8) 126 (63) 0.333
Metabolic acidosis 158 (56.4) 62 (77.5) 96 (48) 0.029
Cardiogenic pulmonary edema 106 (37.9) 46 (57.5) 60 (30) 0.796
Hospital-acquired pneumonia/

ventilator-associated pneumonia
73 (26.1) 55 (68.8) 18 (9) < 0.001

Acute respiratory distress syndrome 69 (24.6) 39 (48.8) 30 (15) 0.248
New arrhythmia 48 (17.1) 22 (27.5) 26 (13) 0.785
Upper gastrointestinal bleeding 26 (9.3) 15 (18.8) 11 (5.5) 0.407
Other hospital-acquired infection 19 (6.8) 12 (15) 7 (3.5) 0.098
Clostridium difficile–associated

diarrhea
17 (6.1) 6 (7.5) 11 (5.5) 0.037

Catheter-related bloodstream infection 15 (5.4) 14 (17.5) 1 (0.5) 0.037
Urinary tract infection 13 (4.6) 3 (8.6) 10 (5) 0.140
Limb ischemia 9 (3.2) 6 (7.5) 3 (1.5) 0.020
Mesenteric ischemia 2 (0.7) 1 (1.3) 1 (0.5) 0.715

Laboratory data after discontinuation of vasopressor
Hemoglobin (g/dL) 9.7 (8.5, 11.2) 8.9 (7.8, 10.3) 9.95 (8.7, 11.6) 0.033
Serum albumin (g/dL) 2.65 (2.2, 3.1) 2.37 (2, 2.8) 2.7 (2.3, 3.1) < 0.001
Bilirubin (g/dL) 0.8 (0.5, 2.2) 1.2 (0.6, 5.5) 0.7 (0.4, 1.94) < 0.001
Bicarbonate (g/dL) 18 (14, 21) 17 (13, 20.5) 18 (15, 21) 0.131
pH from arterial blood gas 7.34 (7.24, 7.4) 7.27 (7.2, 7.39) 7.36 (7.27, 7.41) 0.019
Platelet (cells/μL) 156,500 (81,000, 247,000) 97,000 (37,500, 195,000) 171,500 (96,500, 262,500) < 0.001
Worst PaO2/FiO2 ratio 250 (166, 365) 190 (120, 300) 307.5 (209, 400) 0.015
ScvO2, % 75 (66, 83) 73 (65, 84) 76 (70, 83) 0.455
Lactate (mmol/L) 1.9 (1, 5.3) 2.7 (1.4, 6.2) 1.8 (1, 4.8) 0.017
FiO2 = fractional inspiredoxygen; LOS= lengthof stay; PaO2, = arterial oxygenpartial pressure; ScvO2=central venousoxygen saturation; SOFA=sequential organ failure assessment. Values are

presented as number and percentage or median (interquartile range).

TABLE 3
Causes of death in septic shock reversal patients

Variable

Death in septic shock survivors

28-day mortality (n = 45), case (%) In-hospital mortality (n = 80), case (%)

Multi-organ dysfunction 32 (71.1) 59 (73.8)
Hospital-acquired pneumonia/ventilator-associated pneumonia 28 (62.2) 43 (53.8)
Inadequate source control 3 (6.7) 8 (10)
Catheter-related bloodstream infection 3 (6.7) 5 (6.3)
Other hospital-acquired infection 4 (8.9) 7 (8.8)
Cardiac cause 2 (4.4) 5 (6.3)
Malignancy 2 (4.4) 3 (3.8)
Stroke 1 (2.2) 3 (3.8)
Procedural complication 2 (2.2) 2 (2.5)
Unknown 0 (0) 4 (5)
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clinical data including mean arterial pressure, initial lactate,
time to receive antibiotic, total fluid volume during 24 hours
after admission, and maximum dose of norepinephrine were
not different between the death and survivor groups.
The clinical courses of septic shock survivors compared

between those who died and those who survived during their
hospital stay are shown in Table 2. The duration of ICU stay as
well as the length of hospital stay was longer among those
who died. During hospital admission, severity of illness as
characterized by the SOFA score was significantly higher in
the death group. More specifically, the worst SOFA score and
the SOFA score at 72 hours after discontinuation of vaso-
pressorswere both significantly higher in the death group than
in the survivor group. The death group received longer dura-
tion of antimicrobial therapy and required significantly more
organ support, including renal replacement therapy and
mechanical ventilation. In addition, significantly more fluid
was given during the 72 hours after discontinuation of
vasopressors in the death group. Moreover, major medical
complications developed after septic shock reversal. Com-
plications found tobe significantlymoreprevalent in thedeath
group included metabolic acidosis, HAP/VAP, Clostridium
difficile–associated diarrhea, CRBSI, and limb ischemia.
Laboratory alterations after shock reversal that were more
serious in the death group included Hb, serum albumin, bili-
rubin, pH from arterial blood gas, Plt, the worst PaO2/FiO2,
and serum lactate.
Of the 80 patients who died during their hospital stay, 35

died by day 28, and 45 died at some point thereafter during
their hospital stay. The causes of death, both in the ICU and
during the hospital stay, were quite similar, as shown in
Table 3. Most sepsis survivors (71.1%of 28-daymortality and
73.8% of overall in-hospital mortality) died from multi-organ
dysfunction. Hospital-acquired pneumonia/VAP was a major
contributing factor in 62.2% of 28-day mortality and in 53.8%
of overall in-hospital mortality, followed by CRBSI and other
infections. The three most commonly isolated pathogens
among those with HAP/VAP were Acinetobacter baumannii,
Pseudomonas aeruginosa, and Klebsiella pneumoniae. In-
adequate infectious source control was found in 6.7% of 28-
day death and in 10% of overall in-hospital death. A small
proportion of patients died from noninfectious cause,

including cardiac cause, malignancy, stroke, procedural
complication, and unknown cause.
Factors associated with mortality were further examined,

as shown in Table 4. Among the variables obtained from uni-
variate analysis, multivariate analysis identified four factors
to be independently associated with in-hospital mortality.
Those factors included HAP/ventilator-acquired pneumonia,
volume of fluid therapy during 72 hours after discontinuation
of vasopressors, SOFA score at 72 hours after vasopressor
discontinuation, and serum albumin level at 72 hours after
vasopressor discontinuation.
Figure 2 shows the Kaplan–Meier survival curve of four

previously identified factors significantly associated with in-
hospital mortality in septic shock survivors: presenting of
HAP/ventilator-acquired pneumonia, volume of fluid therapy
during 72 hours after discontinuation of vasopressors
³ 2,000 mL, SOFA score at 72 hours after vasopressor
discontinuation ³12, and serumalbumin level at 72 hours after
vasopressor discontinuation < 3 g/dL. P-values were statis-
tically significant in log-rank test comparing each variable
(P < 0.01).

DISCUSSION

This study determined the prevalence of in-hospital death
after septic shock reversal, the causes of death, and the fac-
tors independently associated with in-hospital death at Thai-
land’s largest super-tertiary referral hospital. Of the 350
patients who were evaluated for eligibility, 20 (5.7%) died in
early phase, and another 50 were excluded for previously
described reasons. The remaining 280 septic shock survivors
were included. Eighty of these survivors (28.8%) subsequently
died during their stay in the hospital. Major causes of death
included multi-organ failure, HAP, inadequacy of source
control, and other nosocomial infection, whereas a smaller
number died from noninfectious causes. Significant factors
associated with these deaths included HAP, volume of fluid
therapy during the 72 hours after discontinuation of vaso-
pressors, and SOFA score and serum albumin level at 72
hours after discontinuation of vasopressors.
Our finding that a significant number of patients died after

shock reversal was consistent with other studies. A study by

TABLE 4
Univariate and multivariate analyses for factors independently associated with in-hospital mortality

Variable

Univariate logistic regression model Multivariate logistic regression model

Unadjusted hazard ratio 95% CI P-value Adjusted hazard ratio 95% CI P-value

Hospital-acquired pneumonia/ventilator-
acquired pneumonia

3.11 (1.61, 6.01) < 0.001* 3.24 (1.94, 5.43) < 0.001*

SOFA score at 72 hours after
discontinuation of vasopressor

1.2 (1.14, 1.26) < 0.001* 1.12 (1.04, 1.19) 0.001*

Fluid volume (mL) during 72 hours after
discontinuation of vasopressor

1.01 (1.01, 1.02) < 0.001* 1.01 (1.01, 1.02) 0.008*

Albumin level at 72 hours after
discontinuation of vasopressor

0.56 (0.39, 0.81) 0.002* 0.57 (0.39, 0.84) 0.004*

Platelet level at 72 hours after
discontinuation of vasopressor

0.98 (1.01, 1.02) < 0.001* 0.98 (0.99, 1.01) 0.181

Bilirubin level at 72 hours after
discontinuation of vasopressor

1.04 (1.02, 1.06) < 0.001* 1.02 (1, 1.05) 0.064

Renal replacement therapy 2.91 (1.87, 4.53) < 0.001* 1.44 (0.85, 2.43) 0.177
The worst SOFA score 1.08 (1.04, 1.13) < 0.001* 1.03 (0.96, 1.12) 0.411
SOFA = sequential organ failure assessment.
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Daviaud et al.15 found that 244 (45%) of 543 patients died in-
hospital. One-third of these patients died within 72 hours,
whereas the remaining died later. Causes of early death were
mostly from intractable organ failure related to infection,
whereas the late deaths were related to end-of-life decision,
nosocomial infection, or mesenteric ischemia. Another retro-
spective work evaluated outcomes according to duration of
stay in the hospital, as follows: phase I (days 1–5), phase II
(days 6–15), and phase III (days 16–150).16 Of the 999 patients
that they enrolled, 308 died. Overall, 36.7% of those deaths
occurred during phase I, and the remaining patients died later.
Interestingly, there was a high proportion of positive blood
culture results in phase I and a low proportion in phase II, but
the proportion of positive resultswas once again high in phase
III, especially relative to opportunistic bacteria and fungi. The
phase III finding was suggestive of nosocomial infection as a
major causeofmorbidity andmortality during the late phaseof
hospitalization. In addition andas noted earlier, Prescott et al.8

clearly demonstrated higher late-phase mortality in patients
with sepsis than in other matching cohorts. The causes of
death in these reports were similar to those in our study, with
early death being mostly due to an inability to reverse shock,
and late mortality mainly due to multi-organ dysfunction and
hospital-acquired infection.
The causes of death in our study highlighted certain clues of

interest. Multi-organ dysfunction was the major cause of
death in our study. This condition is characterized by the de-
velopment of progressive physiologic dysfunction in two or
more organ systems after an acute threat to systemic ho-
meostasis.17Other previous studies also reportedmulti-organ
failure to be a major cause of death in septic shock
patients.18,19We also found that patients who died in-hospital
had a higher SOFA score at 72 hours after discontinuation of
vasopressor than those who survived. This is similar to the
finding from theSOAPstudy20 that found that patientmortality
increased commensurate with an increase in the number of

FIGURE 2. Kaplan–Meier analysis of in-hospital survival of 280 septic shock survivors. Presence of hospital-acquired pneumonia (HAP)/venti-
lator-associated pneumonia (VAP) (A), total fluid during 72 hours after discontinuation of vasopressor (B), sequential organ failure assessment
(SOFA) score at 72 hours after discontinuation of vasopressor (C), and serum albumin level at 72 hours after discontinuation of vasopressor
(D) were identified as independent predictors of in-hospital mortality in septic shock survivors. This figure appears in color at www.ajtmh.org.
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organs that failed. Interestingly, both groups had the same
SOFA score on day 1. Patients who survived the early phase
with multiple organ injury, despite having shock reversed and
vasopressors tapered, had a higher likelihood of dying later
during their hospitalization. Thiswouldbeasoundexplanation
for the significantly higher amount of fluid therapy given during
the 72-hour period after discontinuation of vasopressor in the
death group. These patientsweremore likely to have depleted
intravascular volume from dilated and leaked vascular beds
due to multi-organ failure. This would also help to explain the
low serum albumin level observed at 72 hours after the dis-
continuation of vasopressor. Resuscitation with albumin solu-
tion should be considered among septic shock patients with a
high severity score (APACHE-II score ³ 20) and low baseline
serumalbumin level (<3g/dL).21Avoidanceofunnecessaryfluid
administration during early shock recovery may be beneficial.
Consistent with previous study–infection, particularly HAP,

was also a major cause of death in our study. Zhao et al.22

reported a series of 476 early sepsis survivors, of whom 39%
had secondary infection, and about half of those had pneu-
monia. They had a higher SOFA score, and certainly had
higher mortality. A study in late death among French septic
shock patients by Daviaud et al.15 found end-of-life decision
and infection to be the main causes. Infection is also an im-
portant cause of hospital readmission. Prescott et al.8 re-
ported sepsis to be the leading cause of readmission within
90 days after admission for severe sepsis.
There is currently a plethora of studies in the literature

specific to altered immunologic states in sepsis. A study in the
postmortem analysis of lung and spleen specimens from
sepsis patients revealed evidence of immunosuppression as
determined by biochemical tests, flow cytometry, and immu-
nohistochemical findings.23 A multicenter prospective study
in circulating biomarkers in sepsis survivors over time for a
year after hospital discharge revealed interesting findings.24

Two-thirdsof subjectshadelevatedhighsensitivityC-reactive
protein (hsCRP) and soluble programmed death ligand 1
(sPD-L1) levels, which reflect inflammation and immunosup-
pression, respectively. These patients had worse long-term
outcomes than the remaining one-third who had normal
hsCRP and sPD-L1 levels. In addition to immune alteration,
local host defenses are also impaired. Bronchopulmonary as-
piration is common in sepsis because of swallowing dysfunc-
tion andcoughingdefect.7 Impairmentof consciousnessdue to
delirium is also common in our ICU, which leads to poor airway
control and a higher likelihood of aspiration.25 Patients with
organ failure requiring artificial support require instrumentation,
including endotracheal tube, catheterization, and/or vascular
cannulation, to bypass local host defense. In addition to gen-
erally recommended infection control bundles, measures to
mitigate infection should include strategies that facilitate the
early and timely control sepsis, the prevention of organ failure,
and the carefully considered use of invasive organ support.
To reduce post-sepsis mortality, not only early and rapid

reversal of shock26 that need tobestressed, butalso tomanage
with post-septic shock complications is worth to highlight.
Limitations. Our study has certain limitations. First, it was

conducted in the medical intensive care unit and medical
wards of a single-center university-based tertiary hospital, so
our results may not be generalizable to patients in surgical
wards or in different hospital settings. However, our findings
may reflect the current patient composition in tertiary centers

in Thailand, with a shift toward chronic, severe underlying
medical disorders, such as malignancy, which comprised
one-third of our patients. Second, our studywas retrospective
in nature, which is a study design that is known to have limi-
tations compared with prospective study. Third, the relatively
small number of deaths may have given our study insufficient
statistical power to identify all existing significant differences
and associations. Having acknowledged that, we feel that the
findings that we have reported are of value, especially be-
cause we only selected independent factors with a P-value
less than 0.01. Fourth and last, our study design did not allow
for comparisonwith a validation cohort, whichwe recommend
for future study.

CONCLUSION

In-hospital mortality after septic shock reversal was a high
28.6% at our center. The main causes of death were multi-
organ failure andHAP. Factors independently associatedwith
death included HAP/VAP, volume of intravenous fluid given
during 72 hours after discontinuation of vasopressor, SOFA
score at 72 hours after discontinuation of vasopressors, and
serumalbuminat 72hoursafter discontinuationof vasopressors.
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