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Abstract

The ability to identify patients with risk of mortality in the initial stages allows us to introduce a
more aggressive treatment in order to improve patients’ survival. In this study, we used systemic
inflammatory response syndrome (SIRS) criteria, respiratory and heart rate per minute, and con-
sciousness level [(Glasgow coma scale (GCS)] to develop a formula to predict death in patients ad-
mitted to the Infectious Diseases ward of Imam Reza hospital. Methods: This descriptive study was
a cross sectional study done in the Infectious Diseases ward of Imam Reza hospital, Mashhad Uni-
versity of Medical Sciences, Iran. Alive and dead patients between the dates September 1, 2006 to
September 1, 2007 were studied. In this study, data such as past medical history, prescribed drugs
and their administration by nursing and medical staff was extracted from patients’ files. Also, the
time of death, the first vital signs recorded in the hospital and the formula H = (PR + RR) - GCS
(respiratory rate per minute plus heart rate per minute minus Glasgow coma scale (GCS)) was
calculated for both alive and dead patients. Data was analyzed by SPSS software. Mann-Whitney
test, Roc Curve, and logistic regression model were used for data analysis. Results: The total num-
ber of admitted patients was 1007 of whom 90 (10.82%) died. One patient was excluded from the
study. Out of 90 dead patients, 51 (56.6%) were male and 39 (43.3%) were female. There was no
significant difference between the two groups regarding the gender (P > 0.05). The mean age of
the study group (deceased) was 59 * 21 and the mean age of the control group (alive) was 58 + 21.
The Mann-Whitney test showed that the result of H Formula was significantly different between
the two groups, (126 * 26 for the study group and 111 * 22 for the control group). The cutoff for H
Formula was equal to 112.5. Negative and positive predictive values, specificity and sensitivity
were 0.85, 0.35, 0.57, and 0.70 respectively. Logistic regression results show that the H index con-
tents independently affected the mortality of infected patients. Conclusion: With regard to the
importance of measuring vital signs in diagnosis and determining the mortality in patients with
infectious disease, the H (Heydari) formula can be valuable for evaluation and determination of
mortality risk and consequently, early intervention. Patients with severe tachycardia, severe ta-
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chypnea and altered mental status that cannot be properly and quickly improved within 2 hours
after admission via hydration and other measures are at higher risk of mortality.
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1. Introduction

Infections are among the major determinants of prognosis and outcome of hospitalized patients, especially who
are severely ill and need intensive care. Patients with prolonged stays in intensive care unit (ICU) and patients
who have predisposing risk factors, such as diabetes, anemia, malignancies, leukopenia, cirrhosis or severe al-
coholism are at higher risk of developing nosocomial infections [1].

Early systemic responses to infection, such as tachycardia, tachypnea, leukocytosis and fever, are used to de-
fine a systemic inflammatory response syndrome (SIRS). To be precise SIRS is defined as the presence of at
least two of the following: 1) Fever (temperature > 38°C) or hypothermia (temperature < 36°C), 2) Tachycardia
(i.e. pulse rate > 90 beats/min), 3) Tachypnea (i.e. respiratory rate > 20 breaths/min) or PaCO, < 32 torr and 4)
Leukocytosis (White Blood Cell count > 12,000/mm?), leukopenia (WBC count < 4000/mm?®) or bandemia (i.e.
presence of greater than 10% immature band forms) [2]. Presentation of symptoms of SIRS along with con-
firmed or suspected infection in a patient is considered as sepsis [3]. It should be noted that the definition of
sepsis would not unescapably imply the existence of hemodynamic comprise or a bacterial cause [4].

Severe sepsis is another term which is defined by presence of sepsis along with organ dysfunctions that can be
described as acute lung injury, coagulation abnormalities, thrombocytopenia, altered mental status, renal failure,
cardiac failure, liver failure or hypoperfusion with lactic acidosis [5]. Septic shock, a more severe condition, is
defined as the presence of sepsis together with unresponsive hypotension (systolic blood pressure < 90 mmHg,
mean arterial pressure < 65 mmHg or a 40 mmHg drop in systolic BP compared to baseline) [4].

Recognizing the historical, clinical and laboratory findings which are suggestive of infection, organ dysfunc-
tion and hypoxia is a necessity in order to diagnose severe sepsis and septic shock as early as possible. In that
manner, both epidemiologic and patient risk for infection must be assessed. Many factors increase the risk of in-
fection including the immunocompromising states and prosthetic devices such as intravenous lines, heart valves
and urinary catheters. The hallmark of infection is fever and it should be noted that generally the elderly and pa-
tients who have myocardial dysfunction and shock tend to have lower temperatures than younger adults [4].

As the sepsis and SIRS criteria, mentioned above, involve certain laboratory value abnormalities, various test
are suggested when severe infection is suspected. These tests include a CBC count with the differential and
standard chemistry panel (including bicarbonate, creatinine, liver enzymes, lactate and coagulation studies) [6].

As mentioned before, severe sepsis and systemic inflammatory response syndrome (SIRS) are key causes of
mortality in patients. Therefore, the ability to diagnose and treat the affected patients may decrease mortality
rate [4] [7]-[11]. SIRS criteria and routine tests, such as the white blood cell (WBC) count are nonspecific and
are not useful in septic patients. New sepsis biomarkers such as procalcitonin, are currently being evaluated [12].
In the present study, we calculated a new valuable formula to predict the risk of mortality in infectious patients.

2. Patients and Methods
2.1. Study Population

This cross-sectional descriptive study was performed during 2006-2007, in the Infections Disease ward of Imam
Reza Hospital, Mashhad University of Medical Science. Information was extracted from patient files. Patient
histories, prescribed drugs and their administration by the nursing and medical staff were studied.

2.2. Sampling and Sample Size

The study was performed on 1007 patients. Ninety (10.82%) of these patients had died during their hospital stay
during September 1 2006 to September 1 2007. Two hundred and seventy of the patients, who were admitted to



A. A. Heydari et al.

the Infectious Disease ward at the same time and discharged in good health, were assigned as our control group.

2.3. Calculation of H Formula

The H Formula consists of three components: 1) Pulse rate per minute (PR), 2) Respiratory rate per minute and 3)
Glascow Coma Scale (GCS) and is calculated as follows:

H= (PR +RR) - GCS

In this inquiry we calculated the H Formula for both study and control groups.

2.4. Statistical Analysis

Mean age (and standard deviation) were calculated for all study groups. P-value was calculated using the student
t-test. We compared the P-value for H Formula between the study and control group using the Mann-Whitney
test. After determining the cutoff point for H index, we drew the ROC curve model to predict mortality.

Two-sided P-values below 0.05 were considered as statistically significant. We used SPSS (version 11.5)
software for all statistical analyses.

3. Results

Total patients who died after admission to the Infectious Diseases ward of Imam Reza hospital during our study
period were studied. Of the 90 dead patients, 51 (56.6%) were male and 39 (43.3%) were female. According to
the Mann-Whitney test, there was a significant difference between the calculated H Formula in the study (126 +
26) and the control group (111 £ 22). The cutoff point for H Formula according to the ROC curve was 112.5.

Sensitivity, specificity and positive and negative predictive values were calculated (Table 1).

All of the variables that had a significant relation with mortality were entered into the logistic regression
model and the result showed that H Formula is an independent predictive factor of mortality (odds ratio (OR) =
0.95 and 95% confidence interval (CI) = 0.19 — 0.981) (Figure 1).

Table 1. Value of H Formula to predict mortality in hospitalized infectious disease patients.

Value 95% CI
Sensitivity 0.7 (0.59-0.79)
Specificity 0.57 (0.51-0.63)
Positive predictive values 0.35 (0.28 - 0.42)
Negative predictive values 0.85 (0.79 - 0.90)
Under the curve area 0.68 (0.61-0.71)
ROC Curve
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Figure 1. The Rock curve to determine the
cutoff point of H Formula.
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4. Discussion

Several studies have found that abnormalities in heart rate characteristics that were measured using spectral
analysis, precede (in neonates) or coincide with (in adults) [13] [14] the onset of septic shock, and these abnor-
malities may predict in-hospital mortality in some settings [15] [16]. They may reflect an uncoupling of biologic
oscillations in heart rate, blood pressure, respiration, and other functions that are normally connected through
neural networks [17] [18]. Hyperventilation with respiratory alkalosis can be one of the earliest manifestations
of sepsis. Similarly, pulmonary dysfunction typically occurs early in the course of severe sepsis. In a study con-
ducted by Rangel-Frausto, 71% of the patients developed severe sepsis, sepsis, or SIRS [19]. Severe sepsis and
septic shock is associated with case-fatality rate of approximately 30% and 50%. As initially noted by McCable,
and Jackson [20], the outcome is significantly (and most profoundly) influenced by the patient’s underlying dis-
eases [21] [22]. Confusion and other alterations in higher cerebral function are often early manifestations of se-
vere sepsis, particularly in older adults, and it should be noted that the severity of these changes has been found
to correlate with the overall severity of illness [23]. Prognostic scores based on bedside evaluations such as the
APACHE II, Simplified Acute Physiology Score (SAPS I1), and the sequential organ failure assessments (SOFA)
are more appropriate measurements in the usual ICU setting, although their mortality predictions differ substan-
tially [24] [25]. The early systemic responses to infection, such as tachycardia, fever, tachypnea, leukocytosis or
leucopenia can be used to define SIRS. When SIRS occurs in a patient with proven or suspected infection it is
called sepsis.

Early diagnosis and treatment of patients with sepsis is important for saving their lives (8). There is also con-
siderable inter-individual and time-dependent variability in the expression of the body’s response to infection, so
it is not possible to provide a diagnostically useful “profile” of laboratory tests [11]. In 2003, Shapiro et al. pre-
dicted a 28-day mortality rate in hospitalized patients, considering determinants such as terminal disease, hy-
poxemia (P,O,/F10, < 300), tachypnea, septic shock, a platelet count <150,000 mm?, band cell > 5%, age > 65
years, pneumonia, being a long care facility resident and altered mental status [26]. In 2010, Jabalameli et al.
evaluated the correlation of SIRS with mortality and morbidity in critically ill obstetric patients in the ICU and
reported that higher incidence of SIRS in these patients is associated with increasing morbidity [27]. In another
inquiry which we performed in 2007, the sensitivity of SIRS in predicting the mortality of patients with infec-
tious disease was 41% [28].

One of the limitations in our study is that due to high workload in our emergency department, the initial vital
signs of patients at the time of admission may not be accurately recorded. In spite of this disadvantage, the H
Formula calculated based on these vital signs showed good sensitivity and specificity.

5. Conclusion

According to our experience in infectious diseases department, patients with tachycardia, severe tachypnea and
altered mental status, which are not properly and quickly (within 2 hours after admission) curable by hydration
and other measures, are at higher risk of mortality. We obtained a valuable formula (H = (PR+ RR) — GCS) for
the evaluation and determination of death risk.
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