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ABSTRACT

Objective: To investigate the relationship between Systemic Inflammatory Response
Syndrome (SIRS) and the severity of acute pancreatitis with high altitude polycythemia
(hereinafter referred to as AP+HAPC) in individuals living in a high-altitude region, to
provide evidence for the treatment of SIRS and AP+HAPC.

Methods: A retrospective analysis of clinical data on AP+HAPC and acute
pancreatitis without high altitude polycythemia (hereinafter referred to as AP-only)
was conductedin100 in patients admitted to the People’s Hospital of Qinghai Province
from 2006 to 2016. All 100 cases were evenly categorized into 2 groups according
to diagnostic criteria: AP+HAPC group (n=50) and AP-only group (n=50). The
patients in the high altitude polycythemia group were further divided into mild and
severe subgroups based on the Acute Physiology and Chronic Health Evaluation I
scores. The data were analyzed based on the presence of SIRS, number of diagnostic
criteria met, diagnostic parameters, and relationship between severity of AP+HAPC
and duration of SIRS.

Results: There was a significant difference between the 2 groups (AP+HAPC vs. AP-
only) not only in the number of patients who developed SIRS but also in 2 diagnostic
criteria of SIRS fulfilled by patients. There was a significant statistical difference in
terms of5diagnostic parameters of SIRS between the high altitude polycythemia
group and the non-high altitude polycythemia group. The significant
differencesbetween2 and 3 diagnostic criteria of SIRS fulfilled by patients were
found to be related to the severity of SIRS in patients with AP+HAPC; the greater the
severity of AP+HAPC, the longer the duration of SIRS.

Conclusions: SIRS is highly correlated with the severity of AP+HAPC in individuals
living in a high-altitude region. Early and active treatment of SIRS is beneficial in the
management of AP+HAPC.

INTRODUCTION

High altitude polycythemia, a clinical syndrome that occurs to residents living above
2500 meters, is characterized by redundant erythrocytosis and serious hypoxemia [1].
Case-control studies suggest that baseline hypoxemia can serve as a promising
prognostic indicator in patients with acute pancreatitis, especially in patients with
early severe acute pancreatitis [2,3]. Furthermore, decreased Oxygen delivery to the
organ contributes to injury [4]. Acinar cell injury results in a limited inflammatory

reaction, which may develop into a systemic inflammatory response syndrome if it is
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uncontrolled [5]. It is reported that the severity of acute
pancreatitis is greater among patients with SIRS on day 1 and,
in particular, among those with 3 or 4 SIRS criteria, compared
with those without SIRS on day 1 [6].

However, to our knowledge, there has been no case-control
studies of the relationship between systemic inflammatory
response syndrome and severity of acute pancreatitis
combined with high altitude polycythemia. Identifying the risk
of SIRS involved in acute pancreatitis patients with high altitude
polycythemia would allow clinicians pay more attention to this
special population and provide more timely treatment for
patients.

We therefore hypothesized that acute pancreatitis patients
with high altitude polycythemia possess more severe SIRS and
adverse outcomes compared with acute pancreatitis patients
without high altitude polycythemia. To test this hypothesis, we
undertook a case-control study to compare the number of SIRS
and outcome between two groups.

DATA AND METHODS

Data source

This was a case-control study on the basis of the database of
the People’s Hospital of Qinghai Province. This study was
approved by the Ethics Review Board of the People’s Hospital
of Qinghai Province.

Identification of cases and controls

We collected the clinical data of 50 acute pancreatitis patients
combined with high altitude polycythemia in the People’s
Hospital of Qinghai Province during the period of 2006-2016.
To reduce biased results, subjects undergoing a medical history
of any heart, lung, liver, or kidney disease, as well as diabetes,
autoimmune diseases and cancer, were excluded from the
study. The case group comprised 28 men and 22 women, with
a mean age of 4815 years (range, 45-59 years). All cases
were admitted to the hospital within 24 h after the symptoms
first appeared. Further, the control group comprising 50
patients with AP but without HAPC (hereinafter referred to as
AP-only) was randomly selected according to the same criteria,
which consisted of31 men and 19 women. The clinical materials
of two groups were collected and evaluated according to the
Acute Physiology and Chronic Health Evaluation Il (APACHE II)

scores, in which >8 point indicates severe disease. Thereafter,
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the patients in the AP+HAPC group were subdivided into mild
and severe subgroups.

Diagnostic criteria

Diagnostic criteria of SIRS: According to the definition and
diagnostic criteria of SIRS specified by the ACCP/SCCM in
August 1991 [7], SIRS is an inflammatory state affecting the
whole body and is often a response to a variety of severe
injuries. These injuries can either be infectious or non-infectious,
including severe trauma, burns, and pancreatitis.

The presence of SIRS was confirmed if 22 of the following
criteria were met: (1) temperature >38°C or <36°C; (2) heart
rate >90 beats/min; (3) respiratory rate >20 breaths/min or
arterial carbon dioxide partial pressure (PaCO2) <32mmHg
(4.3kPa); and (4) white blood cell count>12,000/mm3 or
<4000/mm3, or immature cells >10%.

Diagnostic criteria of AP: The diagnostic criteria of AP were
based on the “Atlanta Classification and Definitions of AP” and
the “AP Clinic Diagnostic Criteria” published by the Chinese
Medical Association in 2012 [8-11].

Diagnostic criteria of HAPC: The diagnostic criteria of HAPC
>200 g/L, red blood cell
265%.The

included hemoglobin count

>6.5X1012/L, and hematocrit clinical
manifestations involved varying severities of high-altitude
sickness, including headache, dizziness, cyanosis, and other
plethoric symptoms [12-15].

Classification reference and evaluation methodology:
According to the APACHE-II scores for classifying the severity
of AP, a score of >8 points means severe AP and a score of
<8 mean mild AP.

RESEARCH INDEX

The evaluated parameters included sex, age, medical history,
and years of residency in Qinghai, place of residence, blood
pressure, pulse rate, respiratory rate, blood gas, blood routine
examination, and duration of SIRS, number of fulfilled
diagnostic criteria of SIRS, hospital admission duration, and
length of hospital stay.

METHODS

We analyzed the clinical data of the 50 AP+HAPC cases and
the 50AP-only cases randomly selected from our hospital. We
performed a comparative analysis on whether the patients

have SIRS, the number of diagnostic criteria met, the diagnostic
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index of SIRS, and the relationship between the severity of
AP+HAPC and the duration SIRS.
STATISTICAL ANALYSIS

All measured values are presented as average value *
standard deviation (¥)SD), and the test of significance was

conducted on 2 sample means for the count and measurement
data, specifically by using the x2, t, and rank-sum tests. For
correlations of categorical data, association analysis was
adopted and data were presented as contingency coefficients,
Statistical analysis was done using SPSS22.0software, and the
probability value <0.05 was considered statistically significant.
RESULTS

Characteristics of the study population

There were 50 subjects in the case group and 50 subjects in the
control group, with similar distributions of sex and age. Among
the 50 AP+HAPC cases, 50 patients had sudden upper
abdominal pain (100%), 50 patients had nausea and vomiting
(100%), and 38 patients had increased white blood cell count
(76%). Further, 50 patients had increased urine amylase
(100%); the blood amylase level was 624.121104.001U/L,
whereas the urine amylase level was 1412.58+189.10 1U/L.
Moreover, 48 patients had increased lipase level
(457.22161.44 U/L), 18 patients had combined cholelithiasis
(36%), 18 patients had cholecystitis (36%), and 18 patients
had decreased blood pressure (<12/8 kPa) (90%).

Treatment and outcomes

All cases were fasting, established the vein passage, received
anti-inflammatory treatment, had good suppression of
pancreatic secretion, underwent spasmolysis, had decreased
pancreatic enzymatic activity, and avoided taking medications
with renal toxicity. Surgery was needed to remove necrotic
pancreatic tissue in 2 cases. Of all the 50 patients, 2 patients
died of shock and 3 died of multiple organ failure.
Comparisons between patients of the HAPC and non-HAPC
groups

There was a significant difference (P<0.05) (Table 1) between
the HAPC and non-HAPC groups in terms of whether the
patients had SIRS and the number of diagnostic criteria met.

Comparisons of the diagnostic criteria of SIRS between the

HAPC and non-HAPC groups
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There was a significant difference (P<0.05 (Table2) between
the 2 groups in terms of 5 specific diagnostic parameters.
Comparisons of the relationship between the AP+PE mild
and severe subgroups in 44 cases

There was a significant difference(C=0.569, P<0.05) (Table 3)
between the AP+PE mild and severe subgroups in terms of 2
and 3 diagnostic criteria of SIRS.

Relationship between the severity of AP+HAPC and the
duration of SIRS

(Table 4) presents that the greater the severity of AP+HAPC is
proportional to the duration of SIRS (Z=-4.408, P<0.001).
DISCUSSION

The statistical analysis of the number, severity and duration of

SIRS in acute pancreatitis patients with high altitude
polycythemia and the control group confirms a positive
correlation between SIRS and acute pancreatitis patients with
high altitude polycythemia. Indeed, the proportion of SISR in
the case group is 88% while it is only 36% in the control group.
In addition, the subgroup of severe cases satisfies more criteria
and has a longer average duration than the subgroup of mild
cases.

In recent years, it has been thought that hypoxemia is
independently related to an increased risk of acute
pancreatitis. One recent report showed that among 166
patients with acute pancreatitis, the odds ratio of hypoxemia to
healthy patients with acute pancreatitis was 9.56 [2]. A basic
science study found that acute hypoxemia result in activation of
the neutrophil, which is an essential component in the systemic
inflammatory response syndrome [16]. However, to date, it is a
lack of convincing and direct evidence to reveal the
relationship between systemic inflammatory response syndrome
and severity of acute pancreatitis combined with high altitude
polycythemia.

The current study clarifies these previous findings and extends
them to a case-control study to be representative of patients
seen in clinical practice. In our study, we first revealed the
increased severity of SIRS in acute pancreatitis patients
combined with high altitude polycythemia. Because of the
sample size of the study, we were capable of inspecting
carefully the prognostic significance of high altitude
polycythemia. Besides, the cases group was divided into two

subgroups to explore the association between SIRS and acute
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pancreatitis on the basis of APACHE-II scores. At last, our results keep consistent with our previous hypothesis that acute pancreatitis

patients with high altitude polycythemia have more severe SIRS and adverse outcomes compared with acute pancreatitis patients

without high altitude polycythemia.

Table 1: Comparisons between the AP+HAPC group and AP-only groups, cases (%).
Group Non-SIRS SIRS 2 Criteriamet | 3 Criteriamet | 4 Criteria met | Total
Plateau erythrocythemia 6/50 (12.0) | 44/50 (88.0) | 25/44 (56.8) | 14/44 (31.8) 5/44 (11.1) 50
Non-plateau erythrocythemia | 32/50 (64.0) | 18/50 (36.0) | 4/18(22.2) | 10/18 (55.6) | 4/18 (22.2) 50
Y 28.693 6.141 3.034 0.496
P <0.001 0.013 0.082 0.481
Total 38/100 (38.0) | 62/100 (62.0) | 29/62 (46.8) | 24/62 (38.7) 9/62 (14.5) 100

SIRS -systemic inflammatory response syndrome.

erythrocythemia groups, X ts

Table 2: Comparisons of SIRS diagnostic parameters between the plateau erythrocythemia and non-plateau

Group Temperature (°C) | Heart rate (beats/min) | Respiratory rate (breaths/min) | PaCO,(mmHg) | WBC (x10%IL)
Plateau erythrocythemia 37.88+0.62 112.26+15.24 23.08 +4.02 37.58+3.12 12.89+5.12
Non-plateau erythrocythemia 37.42+0.74 90.04+20.35 19.07+2.01 30.25+£3.43 10.65+4.51
T value 3.37 6.18 6.31 11.18 2.32
P value 0.001 <0.001 <0.001 <0.001 0.022

SIRS: Systemic Inflammatory Response Syndrome; PaCO2: Arterial Carbon Dioxide Partial Pressure; WBC: White Blood Cell

Table 3: Comparison of the relationship between the

severity of AP+PE combined with SIRS and SIRS in 44

cases
Group No. of cases | 2 Criteriamet | 3 Criteria met | 4 Criteria met
Mild 30 24 (80.0) 5 (16.7) 1(3.3)
Severe 14 1(7.10) 9 (64.3) 4 (28.6)
C 0.569
P <0.001

SIRS: Systemic Inflammatory Response Syndrome; AP+PE: Acute Pancreatitis with Plateau Erythrocythemia; C: Coefficient of

Contingency
Table 4: Relationship between the severity of AP+PE and the duration of SIRS.
Group No. of Non- SIRS lasting 1 SIRS lasting 2 SIRS lasting 3 SIRS lasting 4 SIRS lasting 5 SIRS lasting 6 SIRS lasting 7
cases SIRS d d d d d d d
Mild 36 6 4 6 9 6 3 1 1
Severe 14 0 0 0 1 2 3 4 4

SIRS, systemic inflammatory response syndrome; AP+HAPC, acutepancreatitis with plateau erythrocythemia.
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There are some shortcomings inherent to this study. First, our
study is a case-control study, which is less convincing than the
cohort study. Thus, the result of the study should be interpreted
with caution. More clinical trials, especially the long-term cohort
study are needed to give more information. Second, the
enrolled population was a heterogeneous one, including
patients who underwent test in various physiological or
pathological states. Considering the above situation, we
adopted an independent method of examining the basic
situation of subjects, and excluded the subjects undergoing a
medical history of any heart, lung, liver, or kidney disease, as
well as diabetes, autoimmune diseases and cancer from the
study.

The finding of a positive correlation between SIRS and acute
pancreatitis patients with high altitude polycythemia is
important for clinical practice. Our results showed that there
was a significant difference between the HAPC group and the
non-HAPC group in two diagnostic criteria of SIRS fulfilled by
patients. There was a significant statistical difference in three
diagnostic parameters of SIRS between the two groups. The
significant differences in two and three diagnostic parameters
of SIRS fulfilled by patients were found to be related to the
severity of SIRS among patients with AP+HAPC; the greater
the severity of AP+HAPC, the longer the duration of SIRS.

From this research, with respect to the diagnostic parameters of
SIRS, differences in pulmonary function were found between
the AP+HAPC and AP-only groups. The respiratory rate and
the PaCO2 of the AP+PHAPC group were both higher than
those of the AP-only group. Specifically, the respiratory rates
were 23.08%4.02 breaths/min vs. 19.07£2.01 breaths/min,
PaCO2 37.58+3.12 mmHg vs.
30.251+3.43 mmHg. Patients with AP+HAPC are more likely to

and the values were
have decreased pulmonary function with the progression of the
disease, and also have a higher possibility of developing SIRS.
We believe that AP and HAPC have a synergistic pathogenesis
that causes a systemic inflammation reaction chain, leading to a
severe SIRS response. Hence, for patients with HAPC, besides
the necessary pharmaceutical management, the “deep
breathing method” should also be employed to increase
pulmonary ventilation and thereby accelerate the recovery

process.
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Lastly, the development of SIRS and the severity of AP+HAPC
are closely related. Patients with HAPC are more vulnerable to
the effects of AP with concomitant SIRS. In conclusion, the key to
treating AP+HAPC is the prevention and management of SIRS.
In addition, treating HAPC itself must not be neglected.
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