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Abstract

In this prospective cohort study within a Saudi Arabian tertiary
care hospital, culture and sensitivity results and their impact
upon outcomes were assessed in 161 septic shock patients
>14-years-old (female: male=1:1; mean age=61.6yrs) admitted
to our intensive care unit (ICU) and followed for at least 30
days, or until hospital discharge or death. The most common
organisms cultured were Escherichia coli (in 26.1% of patients),
Klebsiella pneumoniae (18.6%), Pseudomonas aeruginosa (17.4%)
and Staphylococcus aureus (16.1%), among which antibiotic
resistance was observed in 62%, 30%, 7% and 50%, and mortality
rates were 46%, 55%, 36% and 65%, respectively. Thirty-three
percent of patients had two to four bacteria cultured. On
multivariable analysis, predictors of in-hospital mortality were
the absence of a positive culture, and the SOFA (Sepsis-related
Organ Failure Assessment) score on ICU days 1 and 3. For ICU
mortality, the only associated factors were change in the
SOFA score from ICU day 1 to 3 and being culture-positive for
Pseudomonas, the latter factor associated with a reduced rate of
death. Factors predictive of more major complications were day
1 SOFA score, a history of diabetic complications, and change in
the SOFA score from day 1 to 3; while protective factors were a
history of kidney disease and being culture positive for either
Streptococcus or Klebsiella.
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Introduction

between 750,000 and over three million patients in
the US?3 and an estimated 18 million worldwide! are

Sepsis causes life-threatening organ dysfunction
secondary to dysregulated host responses to
infection!. In septic patients, numerous histological,
physiological and biochemical abnormalities result
from the release of cytokines and numerous other
immune system-based mediators”. Somewhere
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diagnosed with sepsis annually. Mortality rates typically
vary between 15 and 30%5, which means that sepsis
is the root cause of as many deaths worldwide as
myocardial infarctions?. Moreover, its incidence is
predicted to increase, given the steadily-increasing
longevity predicted for the general population”.,
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The term “septic shock” refers to that “subset
of sepsis [patients] in which particularly profound
circulatory, cellular, and metabolic abnormalities
are associated with a greater risk of mortality than
with sepsis alone”®. Such patients include those who
require vasopressor agents to maintain a minimum
mean arterial pressure > 65 mmHg and a serum
lactate level > 2 mmol/L (>18 mg/dL) in the absence
of hypovolemia; these two requirements, when
combined in the same patient, are associated with a
hospital mortality rate over 40%".,

The early initiation of effective antibiotics is
considered crucial to reducing mortality rates in
patients with sepsis, with or without septic shock®>*11,
typically within one to two hours of identifying sepsis,
immediately after culture samples are collected®'?.
However, to do so generally requires the empirical
administration of broad-spectrum antibiotics, and
one major concern related to this is the creation of
antibiotic resistance!’>'4,

Consequently, the main objectives of the current
study were (1) to identify the most common pathogens
among septic shock patients in the intensive care unit
(ICU) of a major tertiary care center in Saudi Arabia; (2)
to identify the percentage of each pathogen that is
antibiotic resistant; and (3) to identify predictors of ICU
and overall mortality, and of the total number of major
complications, like circulatory collapse, respiratory
failure requiring ventilation, and renal failure. Among
the variables tested were the number and identity of
bacteria cultured and the presence versus absence of
antibiotic resistance.

Materials and Methods

Prior to data collection, the study protocol was
approved by the institution’s ethics review board
for research. It is in full compliance with the 2013
Declaration of Helsinki.

In this observational cohort study, all patients
referred to the intensive care unit (ICU) at King
Abdulaziz University Hospital in Jeddah for treatment
of septic shock over the fourteen months between
December 1%, 2015 and January 31%, 2017 were
followed prospectively. For the purposes of the current
analysis, septic shock was defined as in the Third
International Consensus Definitions for Sepsis and Septic
Shock®; patients recruited prior to publication of these
consensus definitions who did not meet the criteria for

septic shock were excluded from further analysis. Also,
to be eligible, patients had to be at least 14-years-old.
They also had to have not had positive blood cultures
obtained prior to admission, with prior positive
cultures adopted as an exclusion criterion to reduce
the likelihood of entering partially-treated patients
into the study, which could generate bias if particular
types of infection or organisms were more likely to
be treated prior to hospitalization. Patient eligibility
for the study was determined by the study team at
the time of each patient’s admission to the ICU, with
all subsequent data either recorded electronically or
using a pre-determined data collection form. Once
entered into the study, patients were followed for a
minimum of 30 in-hospital days, or until either hospital
discharge or death.

All patients received standard care for septic shock
and sepsis, which included the use of vasopressors,
as indicated; fluid resuscitation; supplemental
oxygen; mechanical ventilation, as indicated; and the
empirical administration of antibiotics. The choice of all
treatments was left to the treating team, in response
to each patient’s individual clinical picture and the
institution’s septic shock protocol. Standard monitoring
included constant monitoring of vital signs, fluid intake
and urine output, and regular monitoring of mental
status. Standard laboratories included at least daily
blood draws to measure serum electrolytes, lactate,
creatinine, liver function tests, cell counts, and any
other lab tests or imaging studies deemed relevant to
the individual case. At least one set of blood cultures
was obtained from all patients, prior to antibiotic
initiation, along with cultures of other fluids (e.g., urine,
sputum), as deemed indicated by the treating team.

Baseline data of specific interest included each
patient’s age, gender and nationality/race, height,
weight, calculated body mass index (BMI), route of
admission to the ICU, any co-morbid conditions, and
other data. As a measure of general clinical status, on
ICU day 1 (the day of admission) and again on ICU
day 3, each surviving patient’s Sepsis-related Organ
Failure Assessment (SOFA) score was calculated; the
SOFA score is a widely-used, published instrument that
has been scientifically validated for such use!™. A day
1 and day 3 SOFA schedule was adopted, as reported
elsewhere!,

Outcomes of interest included overall in-hospital
mortality, ICU mortality, post-ICU mortality, and major
complications, defined as any medical condition,
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arising secondary to sepsis, that requires specific
treatment beyond treatment of the infection itself (e.g.,
circulatory shock requiring inotrope administration;
respiratory compromise requiring high-dose oxygen
or mechanical ventilation; renal compromise requiring
fluid support, diuretics or dialysis).

Data Analysis

Continuous variables were summarized as means with
ranges, while categorical variables were categorized as
percentages. For inter-group comparisons involving
two groups, continuous variables were compared
by Student’s t-tests when the data were normally-
distributed, and by Wilcoxen rank sums tests when not
normally distributed; normality was determined using
the Wilks-Shapiro test. When three or more patient
groups were compared, analysis of variance (ANOVA),
with or without a conservative adjustment for degrees
of freedom, was used, again depending on whether
the data were normally or non-normally distributed.
Inter-group comparisons for all categorical variables,
whether nominal or ordinal, were compared by Pearson
X2 analysis. All univariate tests were two-tailed, with p
< 0.05 set as the criterion for statistical significance.

A Pearson correlation coefficient, r, was calculated
to determine the degree of correlation between the
percentage of patients with drug resistance for each
bacterial strain and the percentage mortality with that
strain.

Stepwise binary logistic regression models were
created to identify factors associated with both ICU and
overall mortality. A stepwise approach was adopted to
accommodate the relatively-small sample of subjects.
In Step 1, demographic and morphometric variables
(patient age, sex, nationality, body mass index) were
entered into the model; in Step 2, baseline comorbid
health conditions (cardiovascular disease, respiratory
disease including smoking, kidney disease, liver
disease, neurological disease, past or present stroke,
cancer, diabetes mellitus); Step 3, general health status
(bedridden, yes/no; ICU day 1 SOFA score; ICU day 1
Glasgow coma scale [GCS] score); Step 4, antibiotic
treatment (time to first initiation, pre-admission
antibiotics); Step 5, other clinical variables (steroid use,
culture positivity, yes/no; number of bacteria cultured,
antibiotic resistance, yes/no; number of resistant
bacteria); Step 6, specific bacterial species or genera;
and Step 7, non-baseline indicators of general health
status (day 3 SOFA score, change in SOFA score from day

1 to day 3, day 3 GCS score). All independent variables
were introduced by forward entry, with all variables in
each successive step found predictive at a p-value <
0.20 carried on to the next step; and p < 0.10 set as the
criterion for independent variable retention in the final
model. The same stepwise process then was utilized
during simple linear regression to identify associations
with the total number of major complications. All
analyses were performed using the statistical software
program SPSS, version 26.

Results

Characteristics of the Overall Sample

At total of 161 patients met study criteria and were
included in analysis. Both the basic demographics and
baseline clinical status of the patients are summarized
in Table 1. Patient age ranged from 14 to 101 years old
(mean 61.6), with those between the ages of 60 and 79
years, inclusive, comprising the largest age group. The
sample also was evenly split by gender, with 80% of the
subjects of Arabian descent.

Physically, only 35% of the sample was considered
of normal weight (BMI: 18.5-24.9 kg/m?), by body mass
index, with roughly 6% underweight (BMI: <18.5 kg/
m?) and 59% either overweight (BMI: 25.0-29.9kg/m?)
or obese (BMI: 230.0 kg/m?). The most common route
to the ICU was directly from home (via ambulance) or
through the emergency room (ER), togetheraccounting
for more than 65% of patients. More than 90% had
some other co-morbid medical condition antedating
their sepsis, with 17% chronically bedridden prior to
their current hospitalization. There was a wide-range in
ICU day 1 SOFA scores, from 2 to 19.

Table 2 summarizes the sources and sites of
infection, with over half the patients (57%) deemed to
have acquired their infection in the community, and
the remainder almost exclusively hospital acquired.
By far the most common primary anatomical site of
infection was the respiratory tract (46%). The original
source of infection was identified in 64%, and either
unknown or not reported in 36%. As with the primary
sites of infection, the most common original sources of
infection were pulmonary (26%; aspiration pneumonia
in 17%).

The most common classes of antibiotic used
were B-lactams (in 61%) and combination drugs
like trimethoprim-sulfamethoxazole or tazobactam-
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Table 1. Demographic and baseline clinical characteristics of the sample

Demographic Characteristics Baseline Clinical Characteristics
Co-morbidity beyond sepsis, n (%) 48(91.93%)
Age, mean (range) . 6(14 . 0) > 1 co-morbid condition, n (%) 17 (72.67%)
296 < 20years,n (/;’) 7 (4. 350@ # of comorbid conditions, mean (range) 24(0-7)
Agg;: ig:gg 5:@ g E O/Z ; 416(2(3 2302 ; Diabetes mellitus (DM), n (%) 94 (58.39%)
0 | 1 1 0 04\ *
Age 60-79years n (%) 67 (41.61%) DM-related complication, n (%) 6 (3.73%)
Age > 80 years, n (%) 27(16.77%) Cardiovascular disease (CVD), n (%) 100 (62.11%)
Hypertension, n (%) 89 (55.28%)
n (%) female 79 (49.07%) Ischemic heart disease, n (%) 23 (14.29%)
n (%) male 79 (49.07%) C ive heart il 0 0
1 (%) gender not stated 3(1.86%) ongestive heart failure, n (%) 18 (11.18%)
. Arrhythmia, n (%) 13 (8.07%)
Nationality - Saudi, n (%) 58 (36.02%) Multiple CVD, n (%) 34(21.12%)
Nationality - Arab, n (%) 70 (4348%) - -
Nationality - Other,n (%) 3 (19 83%) Chronic lung disease, n (%) 19(11.80%)
Nationality data missing, n (%) 1(0.62%)
Chronic kidney disease (CKD), n (%) 33(20.50%)
) (KD requiring dialysis, n (%) 17(10.56%)
Height, mean (range) 1 ( 90)
Weigh, mean (1ange) ( 6) Chronic hepatitis, n (%) 2 (1.24%)
BMI, mean (range) 27. 8 (15 2- 90 7) o
Undenweight, n (%) 9.(5.59%) Cirrhosis, n (%) 2(1.24%)
R o Past or current stroke, n (%) 26 (16.15%)
Normal weight, n (%) 57 (35.40%) C e fisue i SLE RA) 1 (0 .
Overweight, n (%) 47 (29.19%) onn.ectwe nssue_ lisease (SLE, RA), n (%) . 3 (1860@)
Obese, n (%) 48(29.81%) Autommune‘deﬁuency syndrome (AIDS), n, (%) 2(1.24%)
Chronic steroid use, n (%) 2 (1.24%)
Admitted to ICU from Cancer, n (%) 10(6.21%)
Home or the emergency room (ER) 106 (65.84%) Leukemia, n (%) 2(1.24%)
Medicine service 27 (16.77%) Lymphoma, n (%) 2(1.24%)
Surgical service 13(8.07%) Non-hematological malignancy, n (%) 6 (3.73%)
Obstetrics & Gynecology service 1(0.62%) Skin ulcers, n (%) 6(3.73%)
(ritical Care service 1(0.62%) Other co-morbidity, n (%) 60 (37.27%)
Medivac 2(1.24%) Bedridden, n (%) 28 (17.39%)
Data missing 11(6.83%) SOFA score - ICU Day 1, mean (range) 9.11(2-19)

ICU = intensive care unit; n = number, % = percentage; SOFA = Sequential Organ Failure Assessment; # = number

piperacillin (in 48%). Roughly half the patients (47%)
ultimately were administered two antibiotics, 37%
a single drug, and 16% three drugs. By far, the
antibiotics most-commonly used alone were one of the
combination drugs (trimethoprim-sulfamethoxazole or
tazobactam-piperacillin, 56%) or one of the B-lactams
(34%). Ultimately, less than half (45%) of the initially-
prescribed antibiotics or antibiotic combinations were
considered appropriate for the organism or organisms
cultured and sensitivity-tested, while 33% were
considered inappropriate and 12% were considered
equivocal. Either cultures or sensitivity analysis were
not performed in 10%. Other than vasopressors, the
most commonly used non-antimicrobial therapy was
mechanical ventilation, which was used in 61.5% of the
patients.

Table 3 summarizes patient outcomes. Among the
total of 161 patients, 148 (92%) experienced at least
one major medical complication. Roughly three in four
(73%) patients either suffered respiratory failure or
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compromise. Seventy-seven patients (48%) died in the
ICU, while an additional nine (6% of the total 161) died
in hospital. Among the 75 who survived, just 44 (27%)
were discharged to home; nine (6%) remained either
in our or in some other ICU; and 22 (14%) remained on
one of the hospital wards. Among those who died in
the ICU, the mean time to death in the ICU was 10.6
days (range 0.5-37), while the mean ICU stay among
those ultimately discharged from the ICU was 14.8 days
(2-67). The mean time to death after discharge from
the ICU, among the nine who died in hospital, was 14.3
days.

Organisms and Drug Resistance

Table 4 summarizes our data on the organisms
themselves and their impact upon outcomes. At
least one positive culture was obtained in 131 (81%)
of patients, but there was no statistically-significant
advantage to identifying the offending organism,
either for enhancing survival or in reducing the number
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Table 2. Characteristics of the sample

Infection Site and Source
Community-acquired 92 (57.14%)
Nosocomial 65 (40.37%)
Unknown 4(2.48%)
Major Anatomic Site Involved
Respiratory tract/lungs 74 (45.96%)
Skin or soft tissue 24 (14.91%)
Urinary tract/kidneys 15(9.32%)
Intra-abdominal 15(9.32%)
Foreign device (vascular/other) 5(3.11%)
Primary bacteremia 4(2.48%)
QOther 6(3.73%)
Not identified or data missing 18 (11.18%)

Original Source of Infection

Source of infection identified 103 (63.98%)
Source not identified or reported 58 (36.02%)
Pulmonary source 42 (26.09%)
Skin or soft tissue source 25(15.53%)
Genitourinary tract source 14(8.70%)
Vascular device 10 (6.21%)
Primary bacteremia 4(2.48%)
QOther 8(4.97%)

Major anatomical site involved = the organ system most affected by the infection; origina/ source of

infection = the original entry point of infection, primary bacteremia = infection initially detected in

blood with no single major anatomic site affected.

Table 3. Patient outcomes

Number of Major Medical Complications

None 13(8.07%)
One 42 (26.09%)
Two 59 (36.65%)
Three 47 (29.19%)
Nature of Major Medical Complications
Respiratory 117 (72.67%)
Mechanical ventilation required 99 (61.49%)
Renal 99 (61.49%)
Dialysis required 40 (24.84%)
ICU Outcomes
ICU mortality 77 (47 83%)
Stillin the ICU 9 (5.59%)
Transferred to another intensive care unit 24(14.91%)
Discharged from the ICU 46 (28.57%)
Data missing 5(3.11%)
Overall Outcomes
ICU mortality 77 (47.83%)
Died after ICU discharge 9 (5.59%)
Hospital mortality 86 (53.42%)
Stillin the ICU 9(5.59%)
Still on a hospital ward 22 (13.66%)
Alive but still in hospital 31(19.25%)
Discharged from the hospital 44.(27.33%)
Overall hospital mortality + Alive but still in hospital + Discharged from hospital = 100%

Stillin the ICU + Still on a hospital ward = Alive, but still in hospital
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of major complications. Of the 131 patients with at least
one positive culture, one strain of bacteria was cultured
in 78 (48% of 161). Three positive cultures revealed
atypical bacteria that were neither gram positive nor
gram negative. More than a third of patients (39%) had
at least one antibiotic-resistant bacterial strain.

More patients had gram negative than gram
positive organisms (y2 =27.4,df 1, p <0.001), the gram-
positive organisms identified being Staphylococcus
species (19% of patients), Streptococcus species (11%)
and Enterococcus 11%). Meanwhile, the most common
gram-negative organisms were Escherichia coli (26%)
and Klebsiella (19%), especially K. pneumoniae. Among
the other less-common gram-negative organisms
identified were Stentotropomonas (4%) Providentia (3%)
and Proteus (< 1%). Patients were almost three times as
likely to have a gram-negative organism as their only
bacteria (46%) than either a gram-positive organism
alone or both a gram-positive and a gram-negative
organism (both 17%) (32 =31.9, df 1, p < 0.001).

With respect to non-bacterial organisms, four
patients were identified to have a viral infection and 11
to have some sort of fungal infection (n = 8 with some
species of Candida).

Impact on Outcomes

Having at least one positive culture exerted no clear
statistical impact on either the likelihood of death (p =
0.20) or the number of major complications (p = 0.40).
Comparing patients with at least one gram-positive
organism and those with at least one gram-negative
organism, the percentage who died was an absolute
12.5% higher in the former group, but this difference
was not significant (p = 0.13); the two groups also
were no different in the mean number of major
complications (p = 0.56).

Comparing patients with each identified organism
against all others, the rate of mortality was least in
patients with Pseudomonas and those with one of
the less common organisms (Stentotropomonas,
Providentia, Serratia, Proteus), but neither differed
relative to the remaining subject sample at p < 0.05.
Conversely, the rate of mortality was statistically higher
than the remaining sample among the 26 patients with
S. aureus (y2 = 3.83, df 1, p = 0.050) and the 30 with
any Staphylococcus species organism (x2 = 5.25, df 1,
p = 0.02). Since none of the non-aureus Staphylococci
was drug resistant, we examined whether there was an
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Table 4. Organisms, their frequency, and their association with death and complications

Organism Type or Name Number (%) Percentage Percentage | Mean Number of
with Organism | Antibiotic Resistant | Mortality Complications
Culture positive 131(81.37%) 38.93% 46.50% 1.84
Culture negative or not performed 30(18.63%) n/a 60.00% 2.00
Atleast one gram-positive organism, n (%) 56 (34.78%) 28.57% 58.39% 1.93
At least one gram-negative organism, n (%) 103 (64.0%) 37.89% 45.34% 1.88
E. coli 42 (26.09%) 61.90% 46.20% 2.00
Klebsiella 30(18.63%) 30.00% 55.20% 1.538§
Pseudomonas 28 (17.39%) 7.10% 35.70% 1.89
Staphylococcus aureus 26 (16.15%) 50.00% 65.40% 88§ 1.88
Other Staphlococcus 4(2.48%) 0.00% 75.00% 2.00
All Staphlococci 30(18.63%) 43.30% 66.67%*** 1.90
Enterococcus 17 (10.56%) 17.65% 47.06% 2.358§
Streptococcus pneumoniae 6 (3.73%) 0.00% 50.00% 1.67
Streptococcus pyogenes 8 (4.97%) 0.00% 75.00% 1.5
Other Streptococcus 3(1.86%) 0.00% 66.67% 0.67 8§
All Streptococci 17 (10.56%) 0.00% 64.70% 1.41
Acenitobacter 19 (11.80%) 10.53% 57.90% 1.76
Other bacteria 14 (8.70%) 0.00% 35.70% 221
Virus 4(2.48%) n/a 75.00% 1.82
Fungus 11%(6.83%) nfa 54.55% 2.758§
Gram positive (+) organism alone, n (%) 27 (16.77%) 25.90% 53.80%** 1.70
Gram (4) & gram (-) organisms, n (%) 27 (16.77%) 62.96% 62.96% 2.22
Atypical organism: neither gram (++) nor (-) 3(1.86%) 66.67% 66.67% 1.33
One bacterium cultured 78 (48.45%) 26.90% " 41.30%§ 183
Two bacteria cultured 36 (22.36%) 47.20% 45.70% 175
Three or four bacteria cultured 17 (10.56%) 76.50% 70.59% 2.06

*Candida 8, Aspergillus 1, other 2

** Comparing % dying in gram (+) only vs. gram (-) only vs. both gram (+) and gram (-): y2 = 5.97 (df = 2), p = 0.05

*** Comparing % with at least one antibiotic-resistant bacterium in patients with 1vs. 2 vs. 3 or more bacteria: y2 =

p< 0007

15.85 (df=2),

§ Comparing % dying among patients with one vs. two. vs. three or more bacteria: y2 = 6.03 (df = 2), p = 0.049

§§ Mean complications different than remaining group mean at p < 0.05
§§8§ Mortality rate differs from remaining sample at p = 0.050
+-++ Mortality rate differs at p = 0.02

association between the rates of death in patients with
methicillin-resistant S. aureus (MRSA) versus non-MRSA,
and there was none (p = 0.22); in fact, the percentage
dying was non-significantly greater in those with non-
MRSA (77 vs. 54%).

The mean number of major complications was
less with Klebsiella and Streptococcal strains besides S.
pneumoniae and S. pyogenes; and the mean number of
major complications was more with Enterococcus and
fungi (all p < 0.05).

Comparing patients with one gram-positive
organism alone, those with one gram-negative
organism alone, and those with at least one of each,
there was a statistically-significant difference in
mortality rate (p =0.05) and a near-significant difference
in the mean number of complications (p = 0.056); post
hoc analysis revealed this difference to specifically be
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between the first and last of these three groups (Fig.
1). However, specifically comparing those with at least
one antibiotic-resistant bacteria versus those without,
there was no statistically-significant difference in either
the percentage dying (32 = 0.16, df 1, p= 0.69) or the
mean number of major complications (1.80 vs 1.90; t =
0.61,df 159, p = 0.54).

Those with more than two distinct strains of
bacteria cultured over the course of their hospitalization
had almost twice the incidence of death as those with
just one bacterium cultured (75 vs. 41%; p = 0.049).
However, there was no association between the rates
of death among (a) those with two or more cultured
organisms and at least one that was drug-resistant and
(b) those with two or more cultured organisms without
at least one that was drug-resistant (mortality rates =
69 vs. 100%, y2 =1.23,df =1, p =0.27).
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3 or 4 bacteria cultured

2 bacteria cultured

0.0% 10.0% 20.0% 30.0%

45.7%
47.2%
1 bacterium cultured 41.3%
26.9%

70.6%
76.5%

M Death
p =0.049

M Drug resistance
p <0.001

40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

| W Death IDrugresistance|

Figure 1. Number of bacterial strains versus percentage of drug resistance and mortality

There was no significant correlation between
the percentage of a given strain of bacteria that was
drug resistant and the percentage mortality (r = 0.20,
p = 0.64). Even if the r value had been statistically
significant, the degree of correlation would have been
very weak, with less than 4% of the variance in one
variable explained by the other.

On logistic regression analysis to identify
associations with in-hospital mortality, only two
baseline variables remained in the final model: ICU
day 1 SOFA score (p = 0.001) and the presence versus
absence of a positive culture (p = 0.012). On post-hoc
analysis, mortality rate was greater with higher SOFA
scores and in patients with no positive cultures (66.7
vs. 50.4%). When non-baseline variables like the day
3 SOFA and GCS scores were added, the day 3 SOFA
score also was added to the model (p = 0.047), joining
the day 1 SOFA score (p = 0.026) and the absence of
positive cultures (p = 0.047). For ICU mortality, the
change in the SOFA score from ICU day 1 to day 3 was
the most strongly associated factor (p = 0.008); the
only other factor in the model being the presence of
Pseudomonas genus bacteria on culture (p = 0.075). The
day 1 SOFA score just missed being in the model (p =
0.103).

On simple linear regression to identify associations
with the total number of in-hospital complications,
factors associated with more complications were
the day 1 SOFA score (p < 0.001), a history of diabetic
complications (p = 0.001), and change in the SOFA
score from ICU day 1 to day 3 (p = 0.028); the need for

Journal of King Abdulaziz University - Medical Sciences e Volume 28, No. 1,2021 |

treatment with systemic corticosteroids just missed
remaining in the model (p = 0.104). Factors linked to a
reduced total number of complications were a history
of kidney disease (p = 0.010) and being culture positive
for either Streptococcus species (p = 0.014) or Klebsiella
species (p = 0.017) bacteria.

Discussion

There is increasing concern about the risks posed
by antibiotic resistance, especially among patients
with serious infections that result in sepsist'*'723, Qur
sample of 161 patients with septic shock was quite
comparable to other ICU samples, in terms of the
distribution of organisms. For example, comparing
our patients against an Indian sample of 1071 sepsis
patients®™, 57.1 and 53.6% of the infections were
considered community-acquired, and 40.4 and 46.4
were considered hospital-acquired, respectively. Gram-
negative aerobes were identified in 64.0 and 66.1% of
patients in our Saudi versus the Indian sample, and
gram-positive aerobes in 34.8 and 31.9%. Moreover,
across the two samples, the most common gram-
negative organisms cultured were Klebsiella (19 vs.
23%) and E. coli (26 vs. 14%), with Staphylococci (19 vs.
18%) and Enterococci (11 vs. 5%) the most common
gram-positive bacteria. Similar percentages have been
reported by others20222526,

We also noted percentages of antibiotic resistance
comparable to prior investigators®?? — with the
exceptions of Pseudomonas, where our 7% rate of
drug resistance was much lower than the 30-50% rates
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reported elsewhere!'®?’: and Streptococci, where none
of our 17 patients with Streptococci had an antibiotic-
resistant strain, versus the 26% reported in India®.
Overall, across our sample, we identified at least one
drug-resistant bacterial strain in almost four out of ten
patients (39%), with resistance especially prevalent for
E. coli (62%) and S. aureus (50%).

We also found that those with more than one
bacterial genera cultured over the course of their
hospitalization, and specifically those with more than
two distinct species, had almost double the incidence
of death (75 vs. 41%) as those with just one bacteria
cultured (p =0.049), especially if one of these organisms
was drug resistant. One potential explanation for this is
that those with more than two cultured bacteria also
were almost three times as likely to have at least one
antibiotic-resistant organism (77% vs. 27%) than their
single-organism counterparts (p < 0.001). However,
on further analysis, having a drug-resistant organism
failed to explain the increased rate of mortality in those
with multiple organisms. Moreover, on multivariable
analysis, the only three variables that remained in the
final model predicting overall were the ICU day 1 and
ICU day 3 SOFA scores and having no positive cultures.
Change in the SOFA score between ICU days 1 and 3
also was linked to increased mortality in the ICU, with
the day 1 SOFA score just failing to remain in the model.

The association between the SOFA score and
mortality in patients admitted to the hospital with
infection is well documented, including the results of
a large meta-analysis of 87 clinical trials published in
2017, in which the maximum SOFA score was found
to predict a statistically-significant nine percent of
the variance in mortality, while fixed early and late
scores only predicted three percent and were non-
significant?’. Another large study that was published
too late to be included in the 2017 meta-analysis was
a retrospective study conducted across 182 ICUs in
Australia and New Zealand, encompassing 184,875
patients®®, In this study, an increase of two points
in the SOFA score was found to have an area under
the receiver operating characteristic (ROC) curve,
a measure of diagnostic accuracy, of 75.3% (95%
confidence interval 75.0-75.7%).

Few studies have examined either the
epidemiology or the impact upon outcomes of culture-
negative infection. In one very large nationwide
retrospective study conducted in the USA for which

results were published in 2016, among 6,843,279
patients admitted with severe sepsis, 3,226,406 (47.1%)
had culture-negative results®!, much higher than the
18.6% we detected; these patients had a 75% increase
in the odds of in-hospital mortality than those with
at least one positive culture (OR 1.75; 95% ClI 1.72-
1.77). This said, other smaller studies have failed to
identify such a relationship between negative cultures
and increased mortality®®*", suggesting that further
research is necessary. One potential explanation for
the association that we observed in our study is that
patients without a positive culture inherently are
being treated for an unconfirmed organism, which
might lead to inappropriate antibiotic choices. There
is, however, generally no current way to test for the
appropriateness of antibiotic choice in the absence of
at least one positive culture, other than to observe the
patient’s outcome.

We can only conjecture why we failed, on
multivariable analysis, to observe any impact of positive
cultures on hospital mortality. However, the most
likely explanation relates to the study’s small subject
sample. Since only those variables in each regression
step model with a p < 0.20 were carried forward, some
variables that may have generated a lower p valuein a
larger study were excluded that might have remained
in the final model. There also is the issue of variable
codependence, whereby two variables roughly
measuring the same thing may cancel each other out
of a model. The only way to verify all of this would be
via a considerably larger study.

On multivariable analysis, several factors
were directly linked to the total number of major
complications, among them the day 1 SOFA score
and the change in SOFA score from day 1 to day 3, as
we observed for mortality. The other factor directly
linked to an increased number of complications was
having a history of pre-existing complications caused
by diabetes mellitus. Meanwhile, the presence of pre-
existing kidney disease, and culturing positive for
either Klebsiella or Streptococcus species of bacteria
were linked to fewer complications, for reasons that are
unclear. Both Klebsiella (1.53) and Streptococci (1.41)
were associated with fewer mean complications than
the average of the entire sample (1.87). There was no
protective effect with respect to mortality, however,
with mortality rates for Klebsiella and Streptococci of
55 and 65%, respectively, versus 53% across the entire
sample.
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Several findings on univariate analysis failed to
be replicated on multivariable analysis. On univariate
analysis, the combination of a gram-positive and gram-
negative organism was associated with almost double
the mortality rate of a gram-negative, but not a gram-
positive organism alone, as well as with a relative 31%
increase in the mean number of major complications
(2.22 vs. 1.70). Moreover, both S. aureus specifically,
and all Staphylococcus species organisms collectively,
were statistically associated with a higher than average
rate of death that was independent of drug resistance.
However, as discussed earlier, the only culture-related
variable that remained in our final model predicting
death was the absence of a positive culture.

The current study has both strengths and
limitations. Perhaps its greatest strength is that data
collection was prospective, which is preferable for
a variety of reasons that include data completeness
and a priori adjustments for potential confounders;
indeed, only three of our patients had any missing data
among all the variables we analyzed. Our study’s most
notable limitation is its relatively small size, in terms
of patient numbers, with only 161 patients total. As
such, it lacked the statistical power to detect anything
other than large inter-group differences, something
which only was observed for a few variables. We also,
in this analysis, did not look at other variables known
to impact survival in shock patients, like serum lactate
levels?32 and the use of and level of resistance to
vasopressors®. In addition, we cannot accurately
quantify the number or percentage of cultures that
returned contaminated, and several of our patients
did grow multiple organisms, while others grew
unusual pathogens that may have been contaminants.
Finally, although stepwise regression is considered a
reasonable option when assessing the potential effects
of multiple covariables, it is not optimum. Having a
large enough sample to merely test one or, at most, a
few stepwise models would have been preferable.

In conclusion, amongst 161 septic shock patients
admitted to a major tertiary care intensive care unit in
Saudi Arabia, the distribution of organisms cultured was
consistent with that reported by other investigators;
but antibiotic resistance was not associated with either
increased mortality or an increased number of major
complications. As in other studies, rating the severity
of systemic organ involvement with the SOFA score
appeared to have at least some value predicting overall
and ICU mortality and the number of complications.
Further research in larger studies is necessary to either

confirm or contradict our finding of an association
between culture negativity and an increased risk of
death. Similarly, it will likely require a much larger study
to identify the impact of different non-negative culture
results, like different genera or species of bacteria, and
the role of antibiotic resistance.
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