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ABSTRACT

Objective: We investigated the importance of serum lactate levels in making decision regarding abdominal surgery in elderly patients
who underwent computed tomography.

Patients and Methods: Patients over 65 years of age who presented to the emergency department of a tertiary teaching hospital in
2019 were scanned within the hospital data processing system according to the criteria of tomography of the abdomen. Patients’
age, gender, lactate levels, the medical reason for their visit, pathological condition of abdominal computed tomography (aCT), a
recommendation of emergent surgery, mortality status, and length of stay in the hospital were collected. The patients were divided
into four groups according to surgery recommendation and pathologic status in aCT.

Results: Of the 356 patients who were included in the study, 194 (54.5%) were male. The mean age of the participants was 77.1+7.82
years, and their mean lactate level was 2.59+2.41 mmol/liter. Lactate values were statistically significant according to ROC analysis
that predict the state of surgery recommendation (AUC:0.796, p<0.001). There was a statistically significant difference in lactate
values between the groups (1.78+1.46, 3.19+2.71, 4.44+3.22, I-1I p<0.001, I-III p<0.001, II-IIT p=0.002).

Conclusion: In geriatric patients, the aCT results and lactate levels were found to be reliable in deciding to eliminate abdominal

surgery.
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1. INTRODUCTION

Abdominal pain is a common complaint in elderly patients [1].
Due to the increase in the geriatric population, about 25% of
patients visiting the emergency department are over the age of 50
[2]. Elderly patients apply to the emergency department at older
ages and with more non-specific symptoms [3]. Therefore, the
clinical picture of an elderly patient presenting with abdominal
pain may differ from that of a young patient [4]. Elderly patients
need surgical intervention more than younger patients do [5].
It is important to make the emergency surgery decisions about
elderly patients visiting the emergency department promptly,
as a late diagnosis leads to both an increase in mortality and
morbidity, and is more of a risk of misdiagnosis in elderly
patients compared to young patients [4].

Computed tomography (CT), as a diagnostic method, is one of
the imaging procedures used in patients with abdominal pain.

A routine CT is more reliable in making the surgical treatment

decisions of patients with acute abdominal pain [6].

Lactate level is an early marker of tissue hypoxia. Lactate levels
have been reported to increase in inflammatory and ischemic
conditions, such as acute appendicitis and mesenteric ischemia
[7,8]. In addition to the studies indicating that the lactate level
increases in patients who undergo surgery due to the acute
abdomen [9], there are also studies indicating that these levels
are not sufficient for surgical decisions in these patients [10].
Since, elderly patients with acute abdominal pain may visit the
hospital much later than younger patients, ischemia is thought
to be a likely preexisting pathology, and serum lactate level is

expected to increase.
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We investigated the importance of serum lactate levels in making
decision regarding abdominal surgery in elderly patients who
underwent abdominal computed tomography (aCT).

2. PATIENTS and METHODS

Ethics committee approval for this single-center, retrospective
study was obtained from the Necmettin Erbakan University,
Meram Medical Faculty, Pharmaceutical and Non-Medical
Device Studies Ethical Committee (decision number of
2020/2569).

Patients over 65 years of age who applied to the tertiary
teaching hospital emergency department in 2019 were scanned
within the hospital data processing system according to the
findings of tomography of the abdomen. This procedure was
performed by listing the patients aged over 65 years for whom
the service codes of aCT and aCT aortography were entered (in
the emergency department). A total of 1011 patients’ records
were examined. Of these, 144 were excluded from the study
due to indicated traumatic conditions, 375 were excluded due
to lacking blood lactate level measurements, six were excluded
because they arrived in the emergency department with a direct
cardiopulmonary arrest, and 130 were excluded for having a lung
or cardiac-based diagnosis. Eventually, 356 patients who had
aCT with no non-abdominal diagnoses and for whom lactate
level measurements available, were included in the statistical
analysis (Figure 1).

oI Patients aged over 65 years who took a service code
PaUEN® |, | foraCTin hospital data processing svstem in 2019
———»| 144 patients were excluded since
they were raumatic
867 patiens
375 patients were excluded since their
blood lactate level was not sent
4
492 patiens
6 patients were excluded since they amived in the emergency
department with a direct cardiopulmenary arrest
486 patiens

130 patients who they got a lung or cardiac-based
diagnosis in the emergency department were eliminated.

356 patients were included in the study.

Figure 1. Study plan

The following data for 356 patients were saved: age, gender, serum
lactate level, the medical reason for their visit to the emergency
department, whether he/she had a pathologic diagnosis by aCT,
pathological diagnosis type,abdominal surgery recommendation
status, hospital mortality status, emergency outcome status
(discharge, stay in the service, stay in the intensive care unit,
exitus, voluntary discharge), and length of stay in the hospital.

The patients’ aCTs were interpreted as “there is a pathological
diagnosis” or “no pathological diagnosis” according to the
official reports made by the radiology department through
the hospital system. Any aCT interpretation, which may be a
surgical indication, was considered pathological, regardless of
the patient clinical condition. This interpretation was made by
an independent physician who was not included in the study
and blinded to the lactate levels and the status of surgery
recommendations. The recommendation for abdominal surgery
for patients was acquired by monitoring the clinical course of
the patients.

The patients were grouped based on the status of obtaining a
pathological diagnosis in aCT and undergoing an emergent
surgery.

Group 1: No pathological diagnosis in aCT; no abdominal
surgery was recommended

Group 2: Pathological diagnosis in aCT; no abdominal surgery
was recommended

Group 3: Pathological diagnosis in aCT; abdominal surgery was
recommended

Group 4: No pathological diagnosis in aCT; abdominal surgery
was recommended.

The primary outcome of this study is a comparison of the lactate
levels between these four groups and lactate levels between
patients who were recommended for surgery and those who were
not. Our secondary aim was to compare patients’ age, gender,
length of stay in the hospital, and mortality by intergroup and
surgery recommendation status.

Statistical Analysis

Statistical analyses of the data were made by using SPSS 20.0
(SPSSInc., Chicago,IL) packaged software. Analyses of normality
of the data were made using histograms and Kolmogorov-
Smirnov test. Quantitative data were stated as mean+standard
deviation, while categorical variables were stated as frequency
(percentage). The differences between the groups were
investigated using the Mann-Whitney U test in non-normally
distributed quantitative variables, while the Student t-test was
used for normally distributed quantitative variables. Categorical
variables were compared between groups using chi-square test.
ROC analysis was performed to predict the status of mortality
and the recommendation of emergent surgery by the lactate
level. p< 0.05 value was accepted as statistically significant.

3. RESULTS

Of the 356 patients who were included in the study, 194 (54.5%)
were male, their mean age was 77.1+7.82 years, and their mean
lactate level was 2.59+2.41 mmol/liter, their mean length of stay
in the hospital was 7.06+£9.27 days. Twenty seven pathologies
were detected on CT in 144 (40.4%) of 356 patients. Twelve
patients had two pathologies, while the others had only one
pathology. The three most common pathologies were ileus
(48 (33.3%)), acute cholecystitis (14 (9.7%)), and perforation
(13 (9%)) (Table I). The patients presented to the emergency
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department with a total of 46 different complaints. Of the
patients, 156 (43.8%) had one complaint, 133 (37.4%) had two
complaints, 58 (16.3%) had three complaints, 8 (2.2%) had four
complaints, and 1 (0.3%) had five complaints. The three most
common complaints by patients were abdominal pain (193
(54.2%)), nausea (74 (20.8%)), and vomiting (72 (20.2%)). Table
IT shows the characteristics of the participants.

Table I. Emergency pathology status in aCT

Patalogy in aCT 144 100
Ileus 48 33.3%
Acute cholecystitis 14 9.7%
Perforation 13 9%
Herniation 12 8.3%
Mesenteric ischemia 11 7.6%
Cholangitis 8 5.6%
Abscess 7 4.9%
Acute appendicitis 7 4.9%
Pancreatitis 5 3.5%
Diverticulitis 4 2.8%
Abdominal aortic aneurysm 3 2.1%
Aortic dissection 3 2.1%
Anastomosis leakage 2 1.4%
Hematoma 2 1.4%
Necrotizing pancreatitis 2 1.4%
Intra-abdominal bleeding 2 1.4%
Necrotizing fasciitis 2 1.4%
Sigmoid volvulus 2 1.4%
Peritoneal carcinomatosis 1 0.7%
Renal artery thrombosis-renal infarction 1 0.7%
Superior mesenteric vein thrombosis 1 0.7%
Severe stenosis in the abdominal aorta 1 0.7%
Spleen infarction 1 0.7%
Abdominal aortic thrombus 1 0.7%
Rupture of the abdominal aortic aneurysm 1 0.7%
Rectovaginal fistula 1 0.7%

Table I1. The characteristics of patients

Number of patients 356 100%
Male 194 54.5%
Gender ’
Female 162 45.5%
Age 77.1+7.82
Lactate levels (mEq/L) 2.59+2.41
Length of stay in hospital (day) 7.06+9.27
Discharge 84 23.6%
E o Stay in Service 156 43.8%
mergency Quicome Stay in Intensive Care Unit 96 27%
Status
Ex 3 0.8%
Voluntary Discharge 17 4.8%
Abdominal pain 193 54.2%
3 most common Nausea 74 208%
complaints —
Vomiting 72 20.2%

. . Survivor 301 84.6%
In-Hospital Mortality .
Non-survivor 54 15.4%
Surgery Recommended 65 18.3%
Recommendation Not - recommended 291 81.7%
Group 1’ 208 58.4%
Group 2" 83 23.3%
Group 3™ 61 17.1%
Group 4™ 4 1.1%

*: No pathologic diagnosis in aCT, no abdominal surgery was recommended
**: Pathologic diagnosis in aCT, no abdominal surgery was recommended
***: Pathologic diagnosis in aCT, abdominal surgery was recommended
*#H#%: No pathologic diagnosis in aCT, abdominal surgery was recommended

Surgery was not recommended for 291 patients (81.7%),
while it was recommended for 65 (18.3%) patients. Surgery
was performed in 54 of 65 patients for whom surgery was
recommended while 11 could not be operated for certain
reasons. Surgical operation could not be performed because
one of these 11 patients was considered inoperable, 2 of them
died before the surgery, 3 of them rejected the operation, and
5 of them had invasive procedure by interventional radiology.
Further, no pathology was found during operation in 3 of 54
patients who underwent surgery. The lactate levels of these
3 patients were 1.4, 1.5 and 2.7 mmol/liter and they were
categorized in group 3, group 4 and group 3, respectively. The
lactate level of patients in the surgery recommended group
was statistically significantly higher than those of the group
for whom surgery was not recommended (2.18+2, 4.42+3.15,
p<0.001) (Table III). Lactate values were statistically significant
according to the ROC analysis performed to predict the state
of surgery recommendation (AUC:0.796, p<0.001). At 2.55
mmol/liter cut-off lactate level, the rates of 75.38% sensitivity,
79.38% specificity, 45% positive predictive value, and 93.5%
negative predictive value were reached (Figure 2). When
patients who had no pathology in aCT and who were below
2.55 mmol/liter of lactate were categorized, rates of 98.5%
sensitivity, 63.2% specificity, 37.4% positive predictive value,
and 99.5% negative predictive value were reached in those who
had surgery recommendation.

Table III. Evaluation of the participants by their surgical status

Surgery not Surgery

recommended recommended p value

(291) (65)*
Gender Male 155(53.3%) 39(60%) -

Female 136(46.7%) 26(40%)

Number or mortality 33(11.3%) 22(33.8%) p<0.001
Lactate levels (mEq/L) 2.18+2 4.42+3.15 p<0.001
Age 77.05£7.92 77.32+7.39 p=0.801
Emergent pathology in CT ~ 83(28.5%) 61(93.8%) p<0.001
Length of stay in hospital ¢ ). ¢4 9911132  p=0.006

(day)

*Those who were considered as inop, who could not undergo a surgery because
they died, who rejected surgery although it was recommended, and for whom
invasive surgical intervention was performed were also included in this group.
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Figure 2. ROC analysis for the recommendation of surgery with lactate
level

The participants were divided into four groups according
to surgery recommendation and pathologic status on aCT.
Four patients were found in Group 4, who had no pathology
in aCT, but surgery was recommended. In the absence of
pathology in CT, surgery might have been recommended
based on the more dominant physical examination findings
of the patients. These four patients were excluded because
the between-groups comparison was not statistically
possible. Statistical comparisons were made between the
remaining three groups. These four patients in Group 4
were male, their mean age was 67.75£3.59 years, and their
mean lactate level was 4.17£2.07 mmol/liter. There was a
statistically significant difference in lactate values between
the groups (Group 1: 1.78+1.46, Group 2: 3.19£2.71, Group
3: 4.44+3.22, I-1I p<0.001, I-III p<0.001, II-IIT P=0.002).
There was a statistically significant difference between

Table IV. Comparison of patient groups with other parameters

Group 1 and Group 3 in terms of the length of stay (days)
in the hospital (Group 1: 5.98+8.86, Group 3: 9.89+11.68,
P=0.011). There was a statistically significant difference
between hospital mortality rates between groups (Group
1: 15(%7.2), Group 2: 18(%21.7), Group 3: 22(%36.1),
p<0.001). Table 4 shows the comparisons between groups.

A total of 55 (15.4%) patients died at the hospital. There was
a statistically significant difference between the lactate level
of patients who survived and non-survived (non-survivor
5.70%+4.23, survivor 2.02+1.25, p<0.001). According to the ROC
analysis, lactate values were found to be statistically significant
in predicting mortality status (AUC: 0.855, p<0.001). At a
cut-off of 2.45 mmol/liter lactate level, the rates of 76.36%
sensitivity, 75.75% specificity, 36.5% positive predictive value,
and 94.65% negative predictive value were reached (Figure 3).
Tables IV and V show the comparison of mortality status and
other parameters.
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Figure 3. ROC analysis of lactate level and mortality status

Male 106(51%) 49(59%) 35(57.4%)
Gender p=0.387
Female 102(49%) 34(41%) 26(42.6%)
Lactate Levels (mEq/L) 1.78+1.46 3.1942.71 4.44+3.22 p<0.001 P<0.001 p=0.002
Age 76.89+7.91 77.45+8 77.95%7.15 p=0.85 p=0.622 p=0.922
Length of Stay in . _ B
Hospital (day) 5.98+8.86 7.52+8.02 9.89+11.68 p=0.406 p=0.011 p=0.282
Mortality status 15(7.2%) 18(21.7%) 22(36.1%) p<0.001
http://doi.org/10.5472/marum;j.957405
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Table V. Comparison of mortality status and other parameters

Non-Survivor(55) Survivor(301) P value
Age 78.96+7.23 76.76+7.89 P=0.055
Male 35(63.6%) 159(52.8%)
Gender P=0.139
Female 20(36.4%) 142(47.2%)
Lactate Levels (mEq/L)  5.70+4.23 2.02+1.25 p<0.001
Length of stay inhospital o 5o ¢ 6.63£9.12 P=0.059
(day)
E‘;‘erge“t pathology in ) 7os) 104(34.6%)  p<0.001

4. DISCUSSION

Geriatric patients’ management in the emergency department
is difficult. It is important to detect the pathology that will
require abdominal surgery in geriatric patients presenting
to the emergency department. In this study, we assessed the
potential of making decision regarding abdominal surgery in
geriatric patients with the use of aCT results along with the
blood lactate level. In this study population, the mean lactate
level was significantly higher in those for whom surgery
was recommended than in those for whom surgery was not
recommended. There was a statistically significant difference
and increasing mean blood lactate levels in patients who had no
pathology in aCT and for whom surgery was not recommended,
who had pathology in aCT and for whom surgery was not
recommended, and who had pathology in aCT and for whom
surgery was recommended. This is the first time observation of
grouping of this kind in the literature.

In a study conducted by Verma et al., examining patients of all
age groups over 15 years with acute abdominal pain, 30 of whom
underwent an emergent surgery and 20 who did not, peritoneal
lactate levels between the groups were found as 14.65+1.19 and
5.92+0.97, respectively, which was a statistically significant
difference [9]. The blood lactate level was also significantly
higher in the surgery recommended group in this study. The
reason for the high lactate levels in the surgery recommended
group may be due to the ischemic and inflammatory origin of
pathologies that may cause acute surgical indications. Since,
geriatric patients have more comorbidity than younger patients,
they have a higher risk for the operation. This may have led
physicians to take a sounder step in making decisions regarding
surgery for geriatric patients. This sound choice may have
reduced the likelihood of diagnosing surgical pathologies at
the onset of the ischemic and inflammatory conditions with no
increased lactate levels.

In this study, there was a statistically significantly higher hospital
mortality rate among those for whom surgery was recommended
than among those for whom surgery was not recommended.
Further, the hospital mortality rate was significantly different
between the patients who had no pathology in aCT and for whom
the surgery was not recommended, who had pathology in aCT
and for whom the surgery was not recommended, and who had
pathology in aCT and for whom the surgery was recommended.
In their study of 195 patients who had elective major abdominal

surgery, Velickovi¢ et al., found that perioperative high lactate
levels were associated with postoperative comorbidity and
mortality [11]. Ravishankaran et al., determined that high
lactate levels were associated with prognosis in patients with
acute abdominal pain who underwent a surgery [12]. In the
current study, a 33.8% mortality rate was observed in the surgery
recommended group. In their study of 710 patients over 70 years
of age who underwent emergent abdominal surgery, Arenal et
al,, found a mortality rate as 22% [13]. In another study, Rangel
et al.,, found a mortality rate of 32.5% [14], while Brandt et al,,
found the 90-day mortality rate of 42.7% in 150 patients who
underwent geriatric abdominal surgery [15]. Thus, the findings
from our study are consistent with those of previous studies.

In this study, the lactate levels in the non-survivor group was
statistically significantly higher than the survivor group. In
their study of 455 patients who stayed in the intensive care
unit following their application to the emergency department,
Dindar et al, found that high lactate levels were associated
with in-hospital mortality [16]. In a study conducted with
1278 emergency patients with signs of infection, Shapiro et
al,, found that serum lactate is reliable in predicting mortality
[17]. Portal et al., found that a high lactate level was associated
with mortality in patients over 65 years of age who visited to the
emergency department, and had no infection [18]. Due to the
high mortality relationship of lactate in both sepsis and geriatric
patients, the high level of lactate in the non-survivor group in
this study was compatible with the literature. In this study, no
statistically significant difference was found in the mortality
rates between the genders. In their study of 710 patients who
were over 70 years of age and underwent emergent abdominal
surgery, Arenal et al., did not find any statistical difference
between male and female genders [13].

The mean age of the patients in this study was 77.1+7.82 years.
In their study carried out with 220 patients who were over 65
years of age and underwent abdominal surgery, Joseph et al,,
found the mean age as 75.5+7.7 years [19]. The most common
complaint in this study was abdominal pain with 54.2%. In
the study carried out by Grundmann et al., that examined the
epidemiologic review of patients presenting with acute abdomen,
patients presenting with acute abdomen applied mostly with
non-specific abdominal pain with 24-44.3% [20]. In this study,
the most common pathology seen on aCT was ileus (33.3%).
This finding is consistent with those of previous studies. For
example, Arenal et al.,, evaluated 710 patients who underwent
emergent abdominal surgery and found that the most common
etiological reason was intestinal obstruction in the age group
between 70-79 with 37% and in the age group over 80 years with
45% [13]. Bugliosi et al's report on 127 patients over 65 years of
age who visited the emergency department with non-traumatic
abdominal pain indicated that the most common etiological
cause in those who underwent an operation was small bowel
obstruction and biliary tract diseases [21].

Limitation

This study, in which we suppose that serum lactate with aCT
would support the evaluation of surgery for elderly patients,
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had some limitations, given its retrospective nature. The clinical
decision of patients excluded due to lack of blood lactate levels
were not known; thus, we could not assess how the result
would have been affected should their lactate levels available
and included in our analysis. The fact that the research was a
retrospective study causes the surgical decision-making physician
not to be blind to the lactate level. However, we excluded this
limitation because only three of the patients who underwent
surgery had no pathology at the time of operation (intraoperative)
and their lactate levels were not high. Another limitation is that
aCT imaging is non standard in terms of contrast. Considering
that the physician evaluates the patient as a whole under aCT,
physical examination, consultation, and laboratory examination,
and eliminates the surgical pathology, we ignored this limitation.
Further, the fact that the study was single-centered increased the
subjectivity of the pathology and surgical decisions. Another
limitation is that patients who underwent emergency surgery
with ultrasonography were not evaluated.

5. CONCLUSION

We investigated whether serum lactate levels together with aCT
findings would support emergent surgery decisions in elderly
patients. The results of aCT and lactate levels in geriatric patients
were found to be reliable physician’s decisions to eliminate acute
abdominal surgery. Our findings reveal that geriatric patients
are less likely to be diagnosed with surgical pathologies at the
beginning of the ischemic and inflammatory disorders with
no increased lactate levels. Yet, there is a need for prospective
multicenter studies to further validate these findings.

Compliance with Ethical Standards

Ethical approval: Ethics committee approval for this single-
center, retrospective study was obtained from the Necmettin
Erbakan University, Meram Medical Faculty, Pharmaceutical
and Non-Medical Device Studies Ethical Committee ( decision
number of 2020/2569).

Funding: The study was not supported by any funds.

Conflict of Interest: The authors have no conflicts of interest
to declare.

Authors’ Contributions: KK: Idea/Concept, KK: Design,
KK: Data Collection/Processing, KK and MKA: Analysis/
Interpretation: KK and MKA, Literature Review: KK and MKA,
Drafting/Writing: KK and MKA, Critical Review: KK and MKA.
Both authors read and approved the final version of this article.

REFERENCES
(1]

Diindar ZD. Evaluation of geriatric patients admitted to
emergency department with a complaint of abdominal pain

in terms of demographic characteristics and prognosis. Selcuk

(10]

(11]

(12]

(13]

(14]

(15]

(16]

Foo CL, Chan KC, Goh HK, Seow E. Profiling acute presenting
symptoms of geriatric patients attending an urban hospital
emergency department. Ann Acad Med Singap 2009;38:515.
Spangler R, Van Pham T, Khoujah D, Martinez JP. Abdominal
emergencies in the geriatric patient. Int ] Emerg Med 2014;7:1-
8. doi: 10.1186/512245.014.0043-2.

Turrentine FE, Wang H, Simpson VB, Jones RS. Surgical risk
factors, morbidity, and mortality in elderly patients. ] Am Coll
Surg 2006;203:865-77. doi: 10.1016/j.jamcollsurg.2006.08.026.
Juvonen P, Lehtimiki T, Eskelinen M, et al. The need for
surgery in acute abdominal pain: a randomized study of
abdominal computed tomography. In Vivo 2014;28:305-9.
Filiz Al, Aladag H, Akin ML, et al. The role of d-lactate in
differential diagnosis of acute appendicitis. J Invest Surg
2010;23:218-23. doi: 10.3109/089.419.31003596877.

Isfordink C, Dekker D, Monkelbaan J. Clinical value of
serum lactate measurement in diagnosing acute mesenteric
ischaemia. Neth ] Med 2018;76:60-4.

Verma I, Kaur S, Goyal S, Goyal S, Multani JS, Narang
AP. Diagnostic value of lactate levels in acute abdomen
disorders. Indian J Clin Biochem 2014;29:382-5. doi: 10.1007/
$12291.013.0385-1.

Richards C, Ishihara K, Grayson C, Lustik M, Yheulon C.
Serum lactate predicts resource utilization, but not surgical
need, in the emergency department. J Surg Res 2018;226:89-
93. doi: 10.1016/j.js5.2018.01.020.

Velickovi¢ ], Palibrk I, Milic¢i¢ B, et al. The association of early
postoperative lactate levels with morbidity after elective major
abdominal surgery. Bosn ] Basic Med Sci 2019;19:72-80. doi:
10.17305/bjbms.2018.3186.

Ravishankaran P, Shah AM, Bhat R. Correlation of
interleukin-6, serum lactate, and C-reactive protein to
inflammation, complication, and outcome during the surgical
course of patients with acute abdomen. ] Interferon Cytokine
Res 2011;31:685-90. doi: 10.1089/jir.2011.0021.

Arenal JJ, Bengoechea-Beeby M. Mortality associated with
emergency abdominal surgery in the elderly. Can ] Surg
2003;46:111-6.

Rangel EL, Cooper Z, Olufajo OA, et al. Mortality after
emergency surgery continues to rise after discharge in the
elderly: predictors of 1-year mortality. ] Trauma Acute Care
Surg 2015;79:349-58. doi: 10.1097/TA.000.000.0000000773.
Brandt E, Tengberg LT, Bay-Nielsen M. Sarcopenia predicts
90-day mortality in elderly patients undergoing emergency
abdominal surgery. Abdom Radiol (NY) 2019;44:1155-60.
doi: 10.1007/500261.018.1870-z.

Dundar ZD, Kocak S, Girisgin AS. Lactate and NEWS-L are
fair predictors of mortality in critically ill geriatric emergency
department patients. Am ] Emerg Med 2020;38:217-221. doi:
10.1016/j.ajem.2019.02.006.

Med ] 2021;37:45-51. doi : 10.30733/std.2020.01374. [17] Shapiro NI, Howell MD, Talmor D, et al. Serum lactate as a

[2] De Dombal FE Acute abdominal pain in the predictor of mortality in emergency department patients with

elderlyy. J Clin Gastroenterol  1994;19:331-5.  doi: infection. Ann Emerg Med 2005;45:524-8. doi: 10.1016/j.
10.1097/00004.836.199412000-00016. annemergmed.2004.12.006.

http://doi.org/10.5472/marum;j.957405

284 Marmara Med J 2021;34(3): 279-285



Kucukceran and Ayranci
Role of lactate in predicting surgery

Marmara Medical Journal

Original Article

[18] del Portal DA, Shofer F, Mikkelsen ME, et al. Emergency
department lactate is associated with mortality in older adults
admitted with and without infections. Acad Emerg Med
2010;17:260-8. doi: 10.1111/j.1553-2712.2010.00681.x.

[19] Joseph B, Zangbar B, Pandit V, et al. Emergency general
surgery in the elderly: too old or too frail? ] Am Coll Surg
2016;222:805-13. doi: 10.1016/j.jamcollsurg.2016.01.063.

[20] Grundmann R, Petersen M, Lippert H, Meyer F. The acute
(surgical) abdomen - epidemiology, diagnosis and general
principles of management. Z Gastroenterol 2010;48:696-706.
doi: 10.1055/5-0029.124.5303.

[21] Bugliosi TE, Meloy TD, Vukov LE Acute abdominal pain in
the elderly. Ann Emerg Med 1990;19:1383-6. doi: 10.1016/
$0196-0644(05)82602-2.

285

http://doi.org/10.5472/marum;j.957405
Marmara Med J 2021;34(3): 279-285



	_MON_1652354488

