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Abstract: Objective: To investigate the application value of venous blood gas analysis in the diagnosis and treatment
of patients with diabetic ketoacidosis (DKA). Methods: Eighty-six patients with diabetic ketoacidosis who underwent
routine emergency treatment during the period of illness were enrolled in the study. During a 25-day follow up,
68 patients survived and 18 died. According to the follow-up results, the patients were grouped, retrospectively
analyzed for pre-treatment arterial blood gas, pre- and post-treatment venous blood gas using receiver operating characteristic curve. Besides, acute physiology and chronic health evaluation II (APACHE II) score was used to
evaluate the prognosis of DKA. Results: The overall correlation coefficients of pH, PO2, PCO2, HCO3- and BE values in
arterial and venous blood gas analysis were 0.561, 0.367, 0.782, 0.749, and 0.674, respectively (all P<0.05). The
APACHE II score of the survival group was significantly lower than that of the death group (t=6.321, P=0.004). The
area under the curve of the PO2 and APACHE II scores were 0.915 and 1.000, respectively, with significant differences (χ2=4.395, P=0.036). There was significant correlation between APACHE II score and PO2, PCO2 and pH, and
the correlation coefficients were 0.548, 0.572 and -0.441, respectively (all P<0.05). Conclusion: The venous blood
gas analysis can replace the arterial blood gas analysis in early evaluation of prognosis in patients with DKA. The
PO2 and PCO2 were significantly correlated with APACHE II score. So, the two easily analyzed indices, PO2 and PCO2,
are accurate indices for the evaluation of the therapeutic effect of DKA and are conducive to clinical promotion.
Keywords: Venous blood gas analysis, diabetic ketoacidosis, acute physiology and chronic health evaluation II,
prognostic value

Introduction
Diabetic ketoacidosis (DKA) is a kind of hyperglycemia caused by metabolic disorders of
sugar, protein and fat because of severe insulin
deficiency, infection or inflammation [1]. As a
common acute complication of diabetes, DKA
mainly threats life due to damage and failure of
brain, kidney and other organs [2]. The global
incidence of DKA is 13%-80%, with a clinical
mortality of about 20% [3].
Blood gas analysis, as an important method to
understand the acid-base balance state and
pulmonary gas exchange function of patients,
is significant for the diagnosis and evaluation of
the therapeutic effect of DKA [4]. Arterial blood
gas (ABG) analysis is the major tool for the diagnosis and treatment of acid-base imbalance
[5]. However, the invasiveness of arterial punc-

ture and its possible hazards (such as arterial
spasm) have disadvantages such as large
amount of suffering, the formation of thrombosis and aneurysm, or infection in patients [6]. In
recent years, venous blood gas (VBG) analysis
in patients with DKA has been studied and
showed equally accurate results, but with simpler procedures and less suffering [7]. This
study was designed to investigate the accuracy
of VBG analysis for the prediction of prognosis
in patients with DKA.
Materials and methods
Baseline data
A total of 86 patients with DKA admitted to
Ji’nan Jiyang District People’s Hospital from
January 2018 to January 2019 were included
as subjects, all of which met the clinical diag-
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nostic criteria for DKA developed by the Chinese
Diabetes Society in 2013 [8]. The patients were
followed up for 25 days, and then included in
the survival group (68 cases) and the death
group (18 cases) according to different prognosis. In the survival group, there were 41 males
and 27 females, aged 47-72 years, with a mean
age of 56.32±8.51 years. In the death group,
there were 10 males and 8 females, aged
48-75 years, with a mean age of 56.89±9.15
years. This study was approved by the Ethics
Committee of Ji’nan Jiyang District People’s
Hospital, and informed consent was obtained
from all the patients prior to the enrollment.

measured using a PL1000A electrolyte analyzer (Beijing Prelong, China). After treatment, the
VBG indices were reexamined.
APACHE II score
The APACHE II score was determined by selfmade scale, consisting of acute physiologic
score, age score, and chronic physiologic score.
Higher score indicated more serious condition
[9].
Statistical analyses

Patients were excluded if they had heart, lung,
kidney disease; had acidosis caused by alcoholism or hunger; were pregnant or in lactation;
or had mental disorders.

Data were processed using SPSS 21.0 statistical software. Count data were presented as
number of cases and percentage (n, %), and
compared between groups using the MannWhitney U test, chi-square test or Fisher’s exact
test. Measurement data were presented as
mean ± standard deviation and compared
between groups using t-test. The correlation
analyses between VBG indices and ABG indices, APACHE II score were performed with the
use of Pearson’s correlation coefficient. The
area under the curve (AUC) was calculated
using the receiver operating characteristic
curve. The blood gas indices and APACHE II
score were analyzed for the predication of the
prognosis of DKA. P<0.05 was considered statistically significant.

Methods

Results

All patients were collected for medical history
after admission, closely and continuously monitored for vital signs and disease condition. Fluid
infusion, acid-base balance, and water-electrolyte balance were performed by giving sodium
bicarbonate, liquid potassium, and isotonic
sodium chloride. Besides, conventional treatments such as intravenous insulin were carried
out for reducing blood glucose and ketone bodies. The treatment period was ≥2 days.

Comparison of general data

Patients were eligible if they met the diagnostic
criteria for DKA, developed by the Chinese
Diabetes Society in 2013 (clinical manifestations: nausea and vomiting, polyuria, and dehydration; blood glucose >16 mmol/L, blood
pH<7.3, and CO2 binding capacity <22 mmol/L;
positive urine acetone bodies) [8]; had acute
physiology and chronic health evaluation II
(APACHE II) score ≥8 points [9]; were willing to
participate in this study and signed informed
consent.

Examination and outcome measures
Before treatment, 1 mL of radial artery blood
and 1 mL of elbow venous blood were collected
from patients at rest for examination using a
disposable syringe moistened uniformly with
heparin sodium. The arterial and VBG indices
were analyzed using a RAPIDLab 248 blood gas
analyzer (Siemens AG, Germany), and electrolyte concentrations of K+, Na+, Cl-, and AG were
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The causes of onset, fingertip blood glucose,
urine sugar, urinary ketone body, and ABG
before treatment were compared between the
two groups, while the differences were not statistically significant (all P>0.05). The electrolyte
concentrations at baseline between the two
groups were also compared. The levels K+, Cl-,
and AG were slightly higher in the survival group
than those in the death group, while the Na+
had the opposite results, but the differences
between the two groups were also not significant (all P>0.05). See Tables 1 and 2.
Comparison of VBG analysis
The overall correlation coefficients of pH, PO2,
PCO2, HCO3- and BE values in ABG analysis and
VBG analysis were 0.561, 0.367, 0.782, 0.749,
and 0.674, respectively (all P<0.05). The results
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Table 1. Causes of onset (n, %)
Cause of onset
Infection or inflammation
Upper respiratory infection
Skin (including foot) infection
Gastrointestinal infections
Others (lung, urinary, etc.)
Stop or unregulated treatment
Irregular diet, drinking, or sweet drinks
Fatigue
Others
No obvious cause

Survival group (n=68)
23 (33.82)
13 (19.12)
4 (5.88)
4 (5.88)
2 (2.94)
7 (10.29)
7 (10.29)
4 (5.88)
2 (2.94)
25 (36.76)

Death group (n=18)
6 (33.33)
3 (16.67)
1 (5.56)
1 (5.56)
1 (5.56)
3 (16.67)
3 (16.67)
1 (5.56)
1 (5.56)
4 (22.22)

χ2
0.002
0.057

0.289
0.563
0.563
0.289
1.347

P value
0.969
0.812
1.000
1.000
0.591
0.453
0.453
1.000
0.591
0.246

Table 2. Comparison of baseline data
Item
Fingertip blood glucose (mmol/L)
Urine sugar
1+
2+
3+
4+
Urine acetone body
1+
2+
3+
4+
Arterial blood gas analysis
pH
HCO3BE
Electrolyte concentration
K+
Na+
ClAG

P value
0.457
0.071

1.168

0.243

7.21±0.12
9.81±3.75
-17.26±7.47

0.277
0.508
0.062

0.391
0.307
0.525

3.89±0.35
139.42±2.64
99.81±3.75
14.73±3.58

1.115
1.561
1.550
1.596

0.134
0.061
0.062
0.057

Death group (n=18)
23.72±6.35

16 (23.53)
21 (30.88)
19 (27.94)
12 (17.65)

1 (5.56)
5 (27.78)
7 (38.89)
5 (27.78)

19 (27.94)
18 (26.47)
17 (25.00)
14 (20.59)

3 (16.67)
4 (22.22)
6 (33.33)
5 (27.78)

7.20±0.14
9.42±2.64
-17.37±6.51
4.02±0.46
138.37±2.51
101.26±3.47
16.36±3.92

of VBG analysis of the two groups before and
after treatment are shown in Table 3. Before
treatment, the pH and PO2 values of the survival group were slightly higher than those of
the death group, while the PCO2, HCO3- and BE
of the survival group were slightly lower than
those of the death group, without significant
differences between the two groups (all
P>0.05). After treatment, the pH of the survival
group was significantly higher than that of the
death group, while the PO2, PCO2, HCO3- and BE
of the survival group were significantly lower
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t/z value
0.110
1.806

Survival group (n=68)
23.91±6.58

than those of the death group (all P<0.05).
There were significant differences in VBG indices between before and after treatment in both
groups (all P<0.05), except for the difference in
PO2 in the survival group.
Comparison of APACHE II score
The APACHE II scores of the two groups are
shown in Table 4. The APACHE II score of the
survival group was significantly lower than that
of the death group (t=9.250, P=0.000).
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Table 3. Venous blood gas analysis before and after treatment
Survival group
Before
After
treatment
treatment
pH
7.05±0.11
7.35±0.02*
PO2 (mmHg)
57.12±8.17 60.12±6.78
PCO2 (mmHg)
40.18±3.47 45.31±9.85*
HCO3- (mmol/L) 15.12±3.05 16.46±1.13*
BE (mmol/L)
17.91±8.11 1.79±0.82*
Group

Death group
Before
After
treatment
treatment
7.04±0.09
7.32±0.03*,#
56.46±7.68 66.46±6.18*,#
41.02±3.75 52.09±9.25*,#
15.19±3.24 19.11±1.45*,#
18.12±7.89 2.23±0.84*,#

respectively (all P<0.01).
See Table 5 and Figure 1.
Discussion

In recent years, the prevalence of diabetes has
increased rapidly with the
improvement of living standards, so the risk of
its complications has in*
Note: indicates statistically significant difference (P<0.05) between before and after
creased accordingly [10].
treatment in the same group; #indicates statistically significant difference (P<0.05)
DKA is a common acute
between the survival group and the death group at the same time point.
complication in clinical
diabetic patients, mainly
characterized by elevated blood glucose,
Table 4. Comparison of APACHE II scores
increased blood ketone bodies and metabolic
Group
N
APACHE II score (point)
acidosis. DKA will cause other complications
Survival group
68
17.44±4.21
and even lead to death without timely treatDeath group
18
29.79±7.45
ment [11, 12]. In addition, the severity of DKA
t
9.250
is closely related to hospitalization time, nursP
0.000
ing costs, intensive care requirements, intraveNote: APACHE: acute physiology and chronic health
nous or non-venous needs, and mortality [13].
evaluation.
Therefore, early diagnosis and effective treatment are important for the prognosis of patients
with DKA [14].
Table 5. AUC of blood gas analysis indices
and APACHE II score
Index
pH
PO2
PCO2
HCO3BE
APACHE II

AUC
0.873
0.915
0.854
0.597
0.511
1.000

SE
0.0459
0.0405
0.0557
0.0785
0.0964
0.0000

95% Cl
0.784-0.935
0.835-0.964
0.762-0.921
0.486-0.701
0.401-0.620
0.958-1.000

Note: ACU: area under the curve; APACHE: acute physiology and chronic health evaluation; SE: standard error; CI:
confidential interval.

Receiver operating characteristic curve
The AUC of PO2 and APACHE II score were 0.915
and 1.000, respectively, with statistically significant difference (χ2=4.395, P=0.036). The
differences in AUC between the APACHE II score
and the blood gas analysis indices were statistically significant (all P<0.05). The AUC of PO2
was larger than other blood gas indices. The
difference in AUC between PO2 and PCO2 was
not significant (χ2=2.913, P=0.088), while the
differences between PO2 and HCO3-, BE were
statistically significant (both P<0.05). There
was significant correlation between APACHE II
score and PO2, PCO2, pH, and the correlation
coefficients were 0.548, 0.572 and -0.441,
13008

Blood gas analysis is a commonly used diagnostic tool to evaluate the partial pressure and
acid-base content in blood, so as to explain the
pathological mechanisms of respiratory, circulatory and metabolic disorders, monitor the
severity and progression of cardiopulmonary
diseases, and assess the response of patients
from certain therapeutic interventions [15].
Blood gas analysis can be performed by blood
taken from anywhere in the circulatory system
(arteries, veins, or capillaries) [16]. ABG analysis is the best way to assess the severity of
acute or chronic disease, primary or secondary
disease, as well as metabolic or respiratory disorders [5]. A major method for preliminary
assessment of the severity of DKA and the
treatment efficacy is using ABG analysis to
measure the pH and bicarbonate [7]. However,
there is growing evidence showing that VBG
analysis can be used as an alternative to ABG
analysis [6]. Kelly et al. reported that the
weighted mean difference between arterial and
venous pH values in DKA patients was 0.02 pH
units (95% range: -0.009 to +0.021 pH units),
and the weighted mean difference between
arterial and venous bicarbonates was -1.88
mEq/L, suggesting that the arterial and venous
pH values are consistent and clinically interInt J Clin Exp Med 2019;12(11):13005-13011
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indices were all lower in the
survival group than those in
the death group, which is consistent with the findings of Lee
et al., who believed that low pH
and high serum potassium levels at admission were independent predictors of favorable
prognosis of DKA [20]. The
electrolyte concentrations of
blood are of great significance
for the diagnosis of DKA. The
results of Menchine et al.
showed that the correlation
coefficients of VBG with serum
chemical sodium, chloride,
bicarbonate and anion gap
were 0.90, 0.73, 0.94 and
0.81, respectively. Besides,
VBG had excellent sensitivity
(97.8%) and specificity (100%)
for the diagnosis of DKA in
patients with hyperglycemia
Figure 1. ROC curves of blood gas analysis indices and APACHE II score.
[19]. In addition, von Oettingen
ROC: receiver operating characteristic; APACHE: acute physiology and
et al. believed that HCO3->15
chronic health evaluation.
mmol/L was associated with a
venous pH≥7.30, with 76%
changeable in DKA patients with stable hemosensitivity and 85% specificity for predidynamics and without respiratory failure [15,
cting DKA [21]. Nyenwe derived arterial pH
16]. Hale et al. compared the measurements of
=6.97+0.0163*HCO3-, which predicated that
pH and blood gas indices in the arteries and
when the serum venous bicarbonate concennon-arterial capillary blood vessels collected
tration is less than 20.6 mEq/L, the arterial pH
from patients with DKA, and found high correis less than 7.3, with a sensitivity of over 95%,
lation in pH, PCO2 and bicarbonate. The pH
and accuracy of 92% [22]. Therefore, in areas
value of the capillaries was slightly lower, while
with insufficient medical conditions for VBG,
the PCO2 and bicarbonate of the capillaries
electrolyte parameters can be used alone to
were slightly higher than those in the arteries,
diagnose DKA [21].
without significant difference [17]. In this study,
APACHE II score is calculated based on 12
the overall correlation coefficients of pH, PO2,
physiological criteria, age, and previous status,
PCO2, HCO3- and BE values in ABG analysis and
and is closely related to hospitalization and
VBG analysis were 0.561, 0.367, 0.782, 0.749,
1-month mortality in critically ill patients [9].
and 0.674, respectively, which again proved
Aminiahidashti et al. reported Simplified Acute
the promising correlation between VBG and
Physiologic Score (SAPS) II and APACHE II
ABG analyses [18]. The pH value obtained by
scores in 82 critically ill patients in the emerVBG is not only accurate, but also easy to
gency department, and the scores were signifiobtain, and it brings the patients less suffering
cantly higher in the patients who died (48%)
[19]. Furthermore, the turnaround time of VBG
is approximately 15 minutes, which is much
than those in survived patients. The AUC of
faster than the 1-hour turnaround time in
SAPS II and APACHE II for predicting mortality
serum chemical analysis. In this way, the cliniwere 0.75 (95% CI: 0.64-0.86) and 0.72 (95%
cians can make faster treatment decisions, so
CI: 0.60-0.83), respectively [23]. In this study,
VBG is worthy of clinical promotion. In this
the APACHE II score was significantly higher in
study, the pH value was higher in the survival
the death group than that in the survival group,
group than that in the death group, and other
indicating that the APACHE II score can be used
13009
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as a prognostic indicator for patients with DKA.
Moreover, the AUC of the PO2 and APACHE II
scores was the largest, indicating that these
two indicators are the most accurate and can
be used in evaluating the prognosis of DKA
[24].
However, there are some limitations in this
study. The acceptable normal range of ABG values may vary in different laboratories and different age groups. ABG cannot be replaced by
VBG in diseases such as neonatal epilepsy,
shock, congestive heart failure and congenital
heart disease [25]. Therefore, further researches about application range of VBG are needed.
In conclusion, the VBG analysis can replace the
ABG analysis in early evaluation of the prognosis of patients with DKA. The PO2 and PCO2
were significantly correlated with APACHE II
scores. So, the two indices, PO2 and PCO2,
which can be easily analyzed, are accurate for
the evaluation of therapeutic effect of DKA,
and are worthy of clinical promotion.
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