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Abstract

Background: Symmetrical peripheral gangrene (SPG) is a destructive clinical condition where amputation s often the final treatment
option. YWe aimed to identify the predictors of SPG using the common data model (CDM) and propose a new scoring system for
predicting hospitalized patients at risk of developing SPG. Methods: A cohort of patients treated with intravenous noradrenaline,
epinephrine, and vasopressin between 201 | and 2020 was retrospeglively analyzed using the CDM database. The main outcome was
amputation performed as a resuscitation measure. Ve investigated risk factors including demographic characteristics, comorbidities,
and preoperative laboratory values. Based on demographic variables such as age and sex, a 1: 10 propensity score matching (PSM) was
performed. The odds ratio (OR) was calculated using logistic regression analysis. Results: Amputation was performed in 308 (0.4%)
patients out of a cohort of 73,902 patients. Age, sex, hypertension, diabetes mellitus (DM), renal disease (RD), heart failure, anemia,
hypercholesterolemia, peripheral vascular disease (PVD), and laboratory markers such as albumin, eosinophils, hematocrit, fym-
phocytes, monocytes, neutrophils, ESR, aPTT, creatinine, and BUN were statistically significant. Logistic regression analysis revealed
statistically significant differences in DM (OR 5.51), RD (OR 2.90), PVD (OR 9.67), and cerebrovascular disease (CVD) (OR 0.49).
Compared to the group without amputation, logistic regression analysis after matching the age and sex group with 1:10 PSM showed
statistically significant results in DM (OR 3.59), RD (OR 2.59), PYD (OR 7.76), and CVD (OR 040). Conclusion: Early recognition
of high-risk patients may help medical providers prevent severe outcomes, including amputation surgery.
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Introduction

Symmetrical peripheral gangrene (SPG) is characterized by
symmetric acral necrosis in the absence of large vessel
obstruction. Since being described n 1891 by Hutchinson,
it has been associated with septicemic conditions.' The
occurrence has been related to disseminated intravascular
coagulation (DIC), and up to 85% of patients with SPG have
been reported to have consumptive coagulopathy.” Previous
studies have proposed risk factors for SPG development,
but only a limited number have been identified.™*

The common data model (CDM) was used to stan-
dardize medical records and data for multicenter collab-
orative studies. Since CDM provides medical information
related to patient care such as diagnosis, medication,
surgery, and examination, this big data source offers
suitable clinical information for conducting this study.
Furthermore, since patients’ personal information was
anonymized, it did not violate research ethics guidelines.
CDM also has advantages for evaluating complications of
rare diseases. Many benefits have been found in CDM-
related research, and it is gaining popularity in various
medical fields.

This study aimed to identify the predictors of SPG using
the established CDM and propose a new scoring system for
predicting hospitalized patients at risk of developing SPG.

Materials and methods

This study was approved by our institutional review board
in accordance with the Declaration of Helsinki (1989) by the
World Medical Association.

Data source

This retrospective observational study was conducted
using the Observational Health Data Sciences and

Informatics (gHDSI] open-so software and the
OMOP CDM version 5.3 databa s]:m'lc database contained
de-identified EMR data converted to a standard format
using the OMOP CDM system. Over two million patients’

R data spanning nearly 15 years, beginning in 2006,
were transformed and collected in our hospital’s CDM
database.

Registry-based patient selection

In this retrospective registry-based case series study, we
investigated a cohort of patients who received intrave-
nous noradrenaline, epinephrine, and vasopressin injec-
tions to treat hypovolemic conditions between January
2011 and December 2020 using the CDM database. In
total, 81,535 patients were included in the registry. The
cohort registry collects information on patient demo-
graphics. Among the patients included, those who had
previously undergone amputation (n = 114) and those
younger than 19 years (n = 7519) were excluded. Ulti-
mately, 73,902 patients were included in the analysis
(Figure 1).

Variables

We conducted a literaturggeview to identify all probable
risk factors for SPG. !ariab]cs that could not be
identifi@l in the EMR or converted to CDM were ex-
cluded. We included the following clinical data from the
CDM database: dergraphic variables (age and sex),
comorbidities, and laboratory values (complete blood
cell counts, albumin, cholesterol, erythrocyte sedi-
mentation rate, and C-reactive protein). Using
SNOMED@T, comorbidities were detected in the CDM
database. Laboratory measurements were identified
using concept IDs defined by Logical Observation
Identifiers Names and Codes (LOINC), an international

intravenous: 81,535
-2011.1.1 ~ 2020.12.31

Norad/Epinephrine/Vassopressin Medication through

-| Previous performed ‘Amputation’ operation : 114 |

-| Patients under 19 years of age: 7,519 |

Study cohort: 73,902

Perform * Amputation’ operation : 308

| | Not perform *Amputation” operation : 73,594

Figure 1. Flow diagram of the study.
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Table I. Patients’ demographic data.
Unadjusted Adjusted”
Non-amputation Amputation Non-amputation Amputation
(N = 73,594) (N =308) p-value (N = 3080) (N = 308) p-value
Age (mean (SD)) 60.20 (16.67) 63.11 (14.40) 0.002 63.54 (14.43) 63.11 (14.40) 0.622
Age group
2 4523 (6.1) 8 (2.6) 0.008 80 (2.6) 8 (2.6) |
3 5223 (7.1) 11 (3.6) 110 (3.6) Il (3.6)
4 8452 (11.5) 31 (lo) 310 (10.1) 31 (l0.1)
5 14204 (19.3) 63 (20.5) 630 (20.5) 63 (20.5)
6 16566 (22.5) 73 (23.7) 730 (23.7) 73 (23.7)
7 16409 (22.3) 87 (28.2) 870 (28.2) 87 (28.2)
8 8217 (11.2) 35(114) 350 (11.4) 35(11.4)
Male (n (%)) 40404 (54.9) 234 (76.0) <0.001 2340 (76.0) 234 (76.0) |
Hypertension (%) 3661 (5.0) 35(114) <0.001 297 (9.6) 35(11.4) 0.056
Diabetes mellitus (%) 3616 (4.9) 91 (29.5) <0.001 302 (9.8) 91 (29.5) <0.001
Rheumatoid arthritis (%) 612 (0.8) 3(1.0) | 32(1.0) 3(1.0) |
Renal disease (%) 3086 (4.2) 66 (21.4) <0.001 220 (7.1) 66 (21.4) <0.001
Mild liver disease (%) 2509 (3.4) 10 (3.2) | 153 (5.0) 10 (3.2) 0.228
Heart failure (%) 2119 (2.9) 18 (5.8) 0.003 165 (5.4) 18 (5.8) 0.819
Chronic pulmonary disease (%) 2150 (2.9) 9(29) | 145 (4.7) 9 (2.9) 0.197
Coagulation disorder (%) 16 (0.0) 0(0.0) | 4 (0.1) 0 (0.0) |
Anemia (%) 981 (1.3) 9(29) 0.03 62 (2.0) 9(2.9) 0.393
Mood disorder (%) 1012 (1.4) 6(1.9) 0538 83 (2.7) 6(1.9) 0.552
Hypercholesterolemia (%) 675 (0.9) 7(23) 0.029 78 (2.5) 7(23) 0.931
Previous sepsis (%) 274 (0.4) 1(03) | 18 (0.6) 1 (0.3) 0.856
Dementia (%) 436 (0.6) 3(1.0) 0618 3410 3(1.0) |
Hypothyroidism (%) 919 (1.2) 1(03) 0229 62 (2.0) 1 (0.3) 0.061
Parkinson disease (%) 355 (0.5) 1(03) | 30(1.0) 1 (0.3) 0.408
Osteoporosis (%) 527 (0.7) 1(03) 0.635 45 (1.5) 1 (0.3) 0.166
Peripheral vascular disease (%) 1571 (2.1) 71(23.0) <0.001 116 (3.8) 71 (23.1) <0.001
Urinary tract infection (%) 337 (0.5) 2(0.6) 0.941 25 (0.8) 2 (0.6) |
Peptic ulcer disease (%) 784 (1.1) 5(1.6) 0.501 59(1.9) 5(1.6) 0.889
Cerebrovascular disease (%) 6600 (9.0) 25 (8.1) 0.673 381 (124) 25 (8.1) 0.036

#p < 0.05.
SD, standard deviation.

“Adjusted using propensity score matching for age and sex.

standard for identifying medical laboratory observa-
tions. We identified amputation as a salvage treatment
for SPG.

Statistical analyses

tatistical analy@is was performed using the R software,
version 4.0.4 Foundation for Statistical Computing,
Vienna, Austria). Descriptive data are expressed as mean +
standard deviation (SD), median (min-max), or number and
frequency, where applicable. Chi-square and Fisher exact
tests were performed for categorical variables, with SPG as
the dependent varable and other variables as mdependent
variables. Age was analyzed as a categorical variable by

splitting the intervals by 10 years. !—tests were used to
analyze continuous variables. We used a multivariate lo-

istic regression model to identify risk variables for SPG
and calculated the odds ratios (ORs) and 95% confidence
mtervals (CIs). To avoid selection bias, the results were
further validated by propensity score matching (PSM) for
age and sex using the “Matchlt” package in R. Statistical
significance was set at p value < 0.05.

Statistically significant risk factors were then divided by
each of their Exp(b) values to simplify the numerical value
without reducing its proportional significance. Receiver
operating characteristic (ROC) analysis was performed to
assess the sensitivity and specificity of the novel scoring
system.
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Table 2. Eboratory values as risk factors for SPG.

Unadjusted Adjusted”
Non-amputation Amputation Non-amputation Amputation

(N =73,594) (N = 308) p-value (N = 3080) (N = 308) p-value
Albumin (mean (SD)) 3.67 (0.62) 333 (0.44) <0.001 363 (0.63) 3.33 (0.44) <0.001
WEBC (mean (SD)) 8.31 (2.86) 850 (2.11) 0.253 8.26 (2.81) 8.50 (2.11) 0.155
Eosinophils (mean (SD)) 2.07 (1.51) 301 (1L.71) <0.001 2.16 (1.63) 3.01 (1L71) <0.001
Hematocrit (mean (SD)) 35.13 (548) 31.73 (3.88) <0.001 3540 (5.72) 31.73 (3.88) <0.001
Lymphocytes (mean (SD)) 21.01 (10.32) 17.93 (6.21) <0.001 2049 (9.91) 17.93 (6.21) <0.001
Monocytes (mean (SD)) 5.57 (1.68) 6.07 (1.42) <0.001 579 (1.67) 6.07 (1.42) 0.005
Neutrophils (mean (SD)) 68.99 (11.83) 70.78 (7.34) 0.008 69.20 (11.35) 70.78 (7.34) 0.019
ESR (mean (SD)) 24.39 (22.50) 38.14 (22.95) <0.001 25.28 (22.44) 38.14 (22.95) <0.001
CRP (mean (SD)) 4.13 (5.33) 4.30 (3.73) 0.652 4.18 (5.15) 4.30 (3.73) 0.765
ddimer (mean (SD)) 33.37 (220.57) 17.10 (63.72) 0.338 31.93 (116.00) 17.10 (63.72) 0.107
PT (mean (SD)) 13.12 (3.13) 13.35 (2.13) 0.205 1341 (3.26) 13.35 (2.13) 0.737
aPTT (mean (SD)) 30.29 (8.25) 32.96 (5.85) <0.001 3119 (11.58) 32.96 (5.85) 0.009
PTinr (mean (SD)) 1.18 (0.29) 1.20 (0.19) 0.203 1.21 (0.30) 1.20 (0.19) 0.609
AST (mean (SD)) 56.73 (273.79) 54.53 (294.04) 0.89 4801 (175.39) 54.53 (294.04) 0579
ALT (mean (SD)) 33.66 (84.39) 30.10 (20.78) 0.465 31.63 (70.91) 30.10 (20.78) 071
Cr (mean (SD)) 113 (1.07) 1.99 (1.96) <0.001 133 (1.30) 1.99 (1.96) <0.001
BUN (mean (SD)) 19.13 (1'1.10) 23.39 (12.62) <0.001 20.96 (12.10) 23.39 (1262) 0.001

*Adjusted using propensity score matching for age and sex.

Results

Baseline and demographic data

Amputation surgery was performed in 308 (0.4%) patients.
In the entire cohort of 73,902 patients, statistical signifi-
cance was observed in terms of age, sex, hypertension,
diabetes mellitus (DM), renal disease (RD), heart failure,
anemia, hypercholesterolemia, and peripheral vascular
disease (PVD). After matching for age and sex with 1:
10 PSM, we found statistically significant differences in
DM, RD, PVD, and cerebrovascular disecase (Table 1).
Laboratory markers, such as albumin, eosinophils, hemat-
ocrit, lymphocytes, monocytes, neutrophils, ESR, aPTT,
creatinine, and BUN, were also statistically significant
(Table 2).

Logistic regression analysis showed statistically signif-
icant differences for DM (OR, 5.51), RD (OR, 2.90), PVD
(OR, 9.67), and cerebrovascular disease (CVD) (OR, 0.49).
After matching the age group with sex 1:10 PSM and
performing logistic regression analysis, statistically sig-
nificant results were shown for DM (OR, 3.59), RD (OR,
2.59), PVD (OR, 7.76), and CVD (OR, 0.40) (Table 3).

To simplify the numerical value without reducing its
proportional significance, the value of each Exp(B) was
divided by the least significant value of Exp(B). Therefore,
each patient could be scored between 0 and 14.34, de-
pending on the summation of their DM (3.59 points), RD
(2.59 points), PVD (7.76 point), or CVD (0.40 point). ROC

analysis was performed to assess the sensitivity and spec-
ificity of this novel scoring system, showing an area under
the ROC curve (AUC) greater than 0.65 (Figure 2). Using a
numerical threshold of 1.49, the specificity and sensitivity
of the scoring system were determined to be 51.3% and
75.0%, respectively.

Discussion

This study was performed on a large cohort using the CDM
database and PSM technique to minimize bias. Several risk
tactors have been found to be related to the development of
SPG, such as age, sex, hypertension, DM, RD, heart failure,
anemia, hypercholesterolemia, and PVD. Laboratory
markers such as albumin, eosinophils, hematocrit, lym-
phocytes, monocytes, neutrophils, ESR, aPTT, creatinine,
and BUN were also found to be correlated with SPG and
should be cautiously monitored. The scoring system based
on these risk factors can be used as a tool to identify
hospitalized patients at a high risk of developing SPG.

In the literature, the etiology of SPG is reported to be
multifactorial, including renal disease, septicemic condi-
tiuns,] DIC, ergotism, Raynaud’s phenumenun,2 use of
inotropics,””  diabetes mellitus,” para-neoplastic syn-
drome,” previous history of cold injury,” asplenia,'” protein
C deficiency,'' and atherosclerosis.'” Antiphospholipid
syndrome has also been frequently mentioned,'* ' with
one extensive case of gangrene induced by warfarin
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Table 3. Logistic regression analysis.
Unadjusted Adjusted™®

OR 95% Cl p-value OR 95% Cl p-value
Hypertension 0.81 0.53-1.20 0315 0.66 0.41-1.02 0.068
Diabetes mellitus 551 4.05-7.42 <0.001 359 2.56-5.02 <0.001
Rheumatoid arthritis 0.9 0.22-2.48 0.865 1.06 0.23-3.4 0.929
Renal disease 29 2.09-3.98 <0.001 259 1.78-3.71 <0.001
Mild liver disease 0.74 0.36-1.33 0.356 0.53 0.24-1.02 0.076
Heart failure 091 0.53-1.49 0.734 0.73 0.41-1.24 0.264
Chronic pulmonary disease 0.7 0.33-1.31 0310 0.48 0.21-0.96 0.055
Coagulation disorder 0 NA-203.22 0.969 0 NA-4.08%10'® 0.979
Anemia 1.47 0.68-2.78 0278 1.47 0.62-3.06 0.341
Mood disorder I 0.43-2.33 0819 0.74 0.27-1.68 0.506
Hypercholesterolemia 1.02 0.42-2.09 0.962 0.55 0.21-1.25 0.184
Previous sepsis 0.42 0.02-1.99 0399 022 0.01-1.29 0.166
Dementia 1.06 0.25-2.94 0929 092 0.20-3.17 0.908
Hypothyroidism 0.18 0.01-0.84 0.093 0.15 0.01-0.73 0.067
Parkinson disease 0.52 0.03-2.45 0527 023 0.01-1.39 0.197
Osteoporosis 0.39 0.02-1.78 0352 0.24 0.01-1.29 0.183
Peripheral vascular disease 9.67 7.19-12.86 <0.001 776 542-11.07 <0.001
Urinary tract infection 0.71 0.11-2.35 0.639 NA NA NA
Peptic ulcer disease 0.82 0.28-1.85 0.667 055 0.18-1.40 0.254
Cerebrovascular disease 049 0.31-0.75 0.002 0.40 0.24-0.63 <0.001

treatment for the syndrome.'” Qur findings align with these
previous studies. Clinically, the presence of these risk
factors or laboratory findings should be communicated to
patients and their families to inform them about the potential
for developing SPG.

Treatment for SPG includes warming of the extremities
and the use of eglandin. Recent case reports have also
shown success with agents such as botulinum toxm, pen-
toxifylline, antiplatelet agents, systemic hyperbaric oxygen
therapy, epoprostenol, tissue plasminogen activator, silde-
nafil citrate, and topical nitric oxide ointment therapy.
However, amputation often remains the last resort. This
outcome 1s devastating for patients and should be prevented
with early administration of vasodilating agents.

Previous studies have attempted to identify risk factors
associated with amputation after vasopressor administra-
tion. One study mvestigated 24,365 adults with sepsis, of
whom 26 underwent amputation. A higher risk was asso-
ciated with a higher Sequential Organ Failure Assessment
(SOFA) score, elevated serum lactate, and bacteremia at the
onset of sepsis.* Another study found a relationship be-
tween the peak dose of noradrenaline, dopamine, and
epinephrine and the occurrence of SPG. The SOFA score,
which measures the severity of organ dystunction across six
systems, was also a predictor of SPG development.™'®
Despite its high correlation with SPG, the SOFA score is
complex, with different values corresponding to various
grades in the classification system.

The scoring system developed in this study is a practical
tool for identifying hospitalized patients at risk of devel-
oping SPG. The elements considered include DM, renal
disease (RD), peripheral vascular disease (PVD), and ce-
rebrovascular disease (CVD). Points are assigned as fol-
lows: DM (3.59 points), RD (2.59 points), PVD
(7.76 points), and CVD (0.40 points), resulting in a score
range from 0 to 14.34. Higher scores indicate a higher risk
of developing SPG. The ROC curve analysis determined a
threshold of 1.49, meaning that a score above 1.49 indicates
a high risk of developing SPG.

The CDM, using the OHDSI database, facilitates re-
producible, large-scale observational research. CDMs
manage large amounts of data in the medical field. We used
CDM coding algorithms to assess the effectiveness of our
methodology. Tertiary centers using CDM query their da-
tabases to extract relevant data.

One limitation of this study is the small number of
amputation surgeries as the outcome. The threshold of
1.49 means that having only DM, RD, or PVD places a
patient in the high-risk group. However, this scoring
system is the first to quantitatively assess the risk of
hospitalized patients receiving intravenous noradrena-
line, epinephrine, and vasopressin developing SPG.
Another limitation 1s the binary outcome used, with only
“amputation” and “no amputation” considered. Mild
SPG cases were not included, and no linear relationship
between the scoring system and disease severity was
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Figure 2. Receiver operating characteristic (ROC) curve.

established. Further research is needed to confirm this
relationship.

In conclusion, this study demur"ates that the CDM can
be used to conduct studies on SPG and serves as a reference
for future CDM-based risk factor analyses. Mitigating the
identified risk factors may help predict the occurrence of
SPG and reduce the need for amputation surgery in patients
with SPG.
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