
Bull Emerg Trauma 2022;10(2):71-76.

Heart Rate Variability May Predict the Severity of Appendicitis:  
A Cross-Sectional Study

Alimohammad Bananzadeh1, Abtin Vahidi1*, Sarvenaz Salahi2, Ali Foroutan3, Leila Ghahramani1

1Colorectal Research Center, Shiraz University of Medical Sciences, Shiraz, Iran
2Minimally Invasive Surgery Research Center, Iran University of Medical Sciences, Tehran, Iran
3Burn and Wound Healing Research Centre, Shiraz University of Medical Sciences, Shiraz, Iran

Original Article

Objective: To evaluate the role of heart rate variability (HRV) in predicting pre-operative severity of 
appendicitis.
Methods: In this cross-sectional study, 171 cases of acute appendicitis who underwent appendectomy were 
enrolled. Pre-anesthetic pulse rate of included patients were documented while the severity of appendicitis was 
determined by intra-operative evidences reported by two independent surgeons. Demographic characteristics, 
laboratory variables, and Alvarado criteria were recorded. 
Results: The mean age of patients was 28.75±4.21 years; 54% were men. HRV negatively associated the 
severity of appendix inflammation. A positive association was found between HRV and omental wrapping and 
Alvarado score (p<0.01). The receiver operating characteristic (ROC) curve analysis demonstrated that HRV 
could differentiate simple and complicated appendicitis with a sensitivity of 78.5% and specificity of 97.2%.
Conclusion: The present findings revealed that HRV may predict the pre-operative severity of appendicitis and 
help differentiate simple and complicated appendicitis.
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Introduction

Acute appendicitis is one the most common 
surgical emergencies with a lifetime risk of 

7-8% [1]. It is categorized into simple and complex 
appendicitis based on the severity of inflammation 
[2]. Both simple or complicated appendicitis can 
be managed intrinsically by the omental wrap or 

the phlegmon formation [2]. Failure of omental 
wrapping around the perforated appendix can lead 
to the generalized peritonitis which increases the 
mortality rate [3]. A healthy immune system can 
localize the infection despite the perforation of the 
appendicitis [4].

The non-operative, conservative management 
of uncomplicated appendicitis has been recently 
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suggested [5, 6]. This were consisted of antibiotic 
therapy without appendectomy [7, 8]. Thus, the 
pre-operative diagnosis of the appendicitis severity 
can help to predict the outcome of conservative 
management and more reasonable patient selection 
for non-operative treatment [9, 10]. It also helps to 
identify hospitalized patients for potential short 
surgery delays with minimal side effects [11-13]. 
However, a reliable discriminator of appendicitis 
severity for the selection of the patients is yet to be 
designed [14].

As a neural pathway, inflammatory reflex can 
control and down-regulate the inflammation through 
the activation of vagus nerve [15]. Westerloo et al., 
reported that the vagus nerve integrity is vital to 
decrease the inflammation during septic peritonitis 
[16]. Therefore, measurement of vagus nerve 
activity may estimate the state of inflammatory 
and anti-inflammatory balance. As the vagus nerve 
controls the heart rate, it has been shown that heart 
rate variability measurement can be considered a 
surrogate for evaluating the level of inflammation 
[17, 18]. Heart rate variability (HRV) is measured 
by the variation of pulse rate through the established 
intervals which can evaluate the balance between 
sympathetic and parasympathetic activity [19]. 

Given the above-mentioned issues, this study 
aimed to assess HRV, to predict the severity of the 
appendicitis before surgery, and also to compare 
HRV with other lab parameters such as white blood 
cells (WBC) and clinical scoring systems such as 
Alvarado score.

Materials and Methods

Study Design
All adult patients diagnosed as acute appendicitis 

and scheduled for appendectomy from 2016 to 2017 
were enrolled in this cross-sectional study. The 
present study was conducted in accordance with 
the principles of the revised Declaration of Helsinki 
and was approved by the local Ethics Committee of 
Shiraz University of Medical Sciences, Shiraz, Iran 
(IR.SUMS.REC.1398.040).

The inclusion criteria were patients with age >18 
years who were scheduled for an appendectomy. 
Patients with prior history of cardiac diseases 
including arrhythmias, history of autoimmune 
disease, immunodeficiency, history of previous 
abdominal surgery, and history of using drugs 
affecting the cardiovascular or nervous system, 
including alpha or beta-blockers, vagomimetic or 
vagolytic drugs, anti-epileptic, and anti-depressant 
drugs were excluded. 
Acute appendicitis was diagnosed clinically 

(serial examination and Alvarado scoring 
system) in patients with Alvarado score of 4 to 6 
confirmation was obtained by radiologic evidences, 
either ultrasound or computed tomography, or 
by serial exam convincing the surgeon for high 

clinical probability [20]. Radiologic confirmation 
was not needed in patients with an Alvarado score 
of 7 or more.

All eligible patients were included in the study 
by convenient sampling method. Demographic 
characteristics, comorbidities, laboratory data 
including white blood cells (WBC counts), and 
Alvarado criteria (migrating pain, anorexia, nausea/
vomiting, tenderness, rebound tenderness, fever, 
leukocytosis, left shift in polymorphonuclear cells) 
were recorded. 

Heart Rate Variability Recording
Fifteen minutes prior to induction of anesthesia, 

patients’ heart rate was recorded using a heart rate 
monitoring probe. (Polar RS800, Polar Electro Oy, 
Kempele, Finland). Heart rate was recorded for 3 
minutes. A co-ordination was performed with one 
surgeon for the operation to remove the bias of 
different surgeons’ skills. The surgeon was blinded 
about heart arte variability (HRV) outcomes. 

Assessment of Intra-abdominal Inflammation
An open appendectomy was performed by the 

double ligation method. Before the surgery and 
before appendectomy, another surgeon blinded to 
the HRV results would independently inspect and 
examine the abdomen and scored the intra-abdominal 
inflammation. The severity of appendicitis was 
classified into eight categories based on the gross 
and intraoperative findings recorded by surgeon: 
normal, mild and moderate inflammation, severe 
inflammation, suppurative, gangrenous, perforated, 
phlegmon, and omental wrapping. Appendicitis was 
considered complicated if gangrene, perforation, 
or abscess formation were found and simple if 
categorized as inflamed, suppurative, and phlegmon 
formation. At the end of the operation, all specimens 
were sent for histopathological evaluation.

Statistical Analysis
Descriptive results were reported as frequency 

(percentage) and mean±standard deviation (SD) for 
qualitative and quantitative variables, respectively. 
Kolmogorov–Smirnov test was used for evaluating 
the normal distribution of data. Independent sample t 
test or Mann Whitney U test was used to compare the 
quantitative variables among groups. On the other 
hand, categorical variables were compared using 
the chi-square test. The association of quantitative 
variables was tested by Pearson’s or Spearman’s 
correlation coefficient. The linear regression model 
was used to evaluate the effect of HRV on appendicitis 
severity, and the area under the curve (AUC) of 
receiver operating characteristic (ROC) curve was 
used to report the sensitivity and specificity of 
HRV to predict the complicated appendicitis. The 
statistical software of SPSS v.21 (IBM Corp. NY, 
USA) was used for the statistical analysis. P values of 
0.05 or less were considered statistically significant.
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Results

Demographic Characteristics and Alvarado Score
One hundred seventy-one patients with acute 

appendicitis were enrolled according to post-op 
results. The mean age was 28.75±4.21 years; 54% of 
cases were men. Mean Alvarado score was 7.11±1.12. 
Twenty-six (16%) of cases had Alvarado scores 4-6, 
and 145 (84%) patients had Alvarado scores of seven 
more.

Intra-operative Inflammation 
Twenty-four (14%) patients had mild to moderate 

inflammation, 75 (44%) had severe inflammation, 
45 (26%) had suppurative appendicitis. Perforated 
appendicitis was found in 17 (10%) cases as well 
as 5 (3%) with gangrenous appendicitis, and 5 (3%) 
with phlegmon. The omental wrapping was positive 
in 29% (n=50) of patients. 

Heart rate Variability 
As shown in Table 1, mean HRV in all patients 

was 70.18±6.27. There was a significant difference 
in mean HRV values based on the severity and type 
of appendicitis (p<0.001) with the highest value 
in patients with mild to moderate inflammation. 

Additionally, mean HRV was significantly higher in 
patients with omental wrapping than patients without 
omental wrapping (79.24±5.27 versus 66.50±11.38 
(p<0.001)). 

Of all patients, 30% were complicated; mean HRV, 
WBC, Alvarado score, age and frequency of clinical 

findings were compared between patients with 
simple and complicated appendicitis in Table 2. The 
mean HRV was significantly higher in patients with 
simple appendicitis compared to the complicated 
ones (p<0.001), Other parameters including clinical 
findings, Alvarado score, WBC count and age was 
not significantly different between patients with 
simple and complicated appendicitis

In the next step, logistic regression (Forward LR) was 
used to investigate the association of age, sex, HRV, 
WBC, and Alvarado score with simple/complicated 
appendicitis. The results showed that only HRV 
was associated with complicated appendicitis (OR: 
0.869; p<0.001). In contrast, age, sex, WBC count 
and Alvarado score were not significantly associated 
with complicated appendicitis (Table 3).

To study the ability of HRV for prediction of 
complicated appendicitis, we used the ROC curve, 
the results of which are shown in Figures 1. As 
shown, HRV had an AUC of 0.895, revealed a 
sensitivity of 78.57% and specificity of 97.20% at 
cut-off the level of ≤56.

Discussion 

In this study, we examined the association between 
HRV with several variables to indicate the predictive 
value of HRV in appendicitis severity. One of the 
important variables was the Alvarado score, which 
was negatively correlated with HRV. In the same 
way, HRV was the only variable which associated 
with complicated appendicitis, while WBC and 

Table 1. Heart rate variability based on the severity and type of appendicitis.
Minimum Maximum Mean Standard 

deviation
95% confidence interval

Upper Bound Lower Bound
Mild and moderate 
appendicitis

64.00 93.00 78.7500 6.01628 76.2095 81.2905

Severe appendicitis 58.00 90.00 76.8267 5.85033 75.4806 78.1727
Suppurative appendicitis 54.00 72.00 65.0455 5.04378 63.5120 66.5789
Gangrene appendicitis 45.00 60.00 52.4000 5.77062 45.2348 59.5652
Locally perforated 
appendicitis

40.00 52.00 46.8333 2.99509 45.3439 48.3228

Phlegmon 68.00 88.00 76.4000 7.53658 67.0421 85.7579
Total 40.00 93.00 70.1813 6.27924 68.4333 71.9293

Table 2. Comparing mean heart rate variability, Alvarado score, white blood cells and frequency of clinical findings between 
patients with simple and complicated appendicitis.

Simple Complicated p value
Heart rate variability, mean (SD) 73.52 (8.00) 53.10 (12.07) <0.001a

White blood cell (×109/L), mean(SD) 13.13 (1.68) 16.52 (3.19) 0.201a

Alvarado score, mean (SD) 7.25 (0.818) 7.96 (0.881) 0.472a

Age, mean (SD) 27.825 (8.46) 32.857 (12.52) 0.205a

Anorexia 78.0% 82.0% 0.381b

Nausea/vomiting 82.2% 79.1% 0.310b

Pain shift 88.0% 100% 0.198b

Tenderness 92.0% 100% 0.247b

Rebound 89.0% 100% 0.357b

Fever 76.2% 91.1% 0.184b

aThe results of independent samples t test; bThe results of chi square test.
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Alvarado score did not have any correlation with 
severe cases of appendicitis. However, a significant 
negative correlation was observed between WBC 
count and HRV.

In our study, most of the patients were men and 
young with Alvarado scores of seven and more. 
Severe inflammation was found in near half of the 
patients. As shown, HRV could differentiate based on 
the severity of appendicitis, as highest level of HRV 
was found in cases of mild to moderate appendicitis. 

Additionally, mean HRV was significantly higher 
in patients with omental wrapping than patients 
without omental wrapping. After assessment of the 
role of WBC percentage and HRV for prediction of 
appendicitis severity, WBC percentage had the cut-
off more than 15300 per microliter and HRV with 
the cut-off lower than 56 had the highest sensitivity 
and specificity, respectively. 

In one review study on 42 studies, which indicated 
score >7 as the appropriate cut–off for diagnosis 
of acute appendicitis and surgery [21], the higher 
Alvarado score was associated with lower HRV, 
and evaluation of the association between Alvarado 
criteria with HRV showed WBC count as the only 
item related to HRV. This result confirmed our 
study’s initial hypothesis that HRV increased as a 
defensive mechanism to control the appendicitis-
related inflammation. Therefore, the patients with 

a lower HRV had a higher level of inflammation, 
and higher HRV can control inflammation, which 
confirmed the present study results. We examined 
the intraoperative findings despite the clinical 
examination based on the Alvarado scoring system, 
and the results showed that the higher severity of 
appendicitis was associated with reduced HRV. 
We also looked omental wrapping, considered a 
defensive immunologic mechanism of omentum to 
control inflammation and microbes [22]. The results 
showed higher mean of HRV in patients with omental 
wrapping. These results were confirmed by previous 
investigations about the role of HRV in controlling 
inflammation [23]. 

Studying the association between HRV and the 
status of diseases has revealed that HRV can be 
used as a predictive and prognostic factor in several 
clinical conditions associated with the autonomic 
nervous system including cardiovascular diseases, 
diabetes, and hypertension [24]. In contrast, it has not 
been studied in appendicitis. Our results showed that 
HRV ≤56 had a sensitivity of 78.57% and specificity 
of 97.20%. These results indicate that HRV can be 
used as an efficient and available diagnostic tool for 
complicated appendicitis. Despite the assessment of 
HRV in the chronic diseases [24, 25], few studies 
have investigated the diagnostic accuracy of HRV 
for acute conditions. 

Studies have clearly defined the role of HRV on 
risk assessment of patients with acute myocardial 
infarction (AMI) [25-27]. Ahmad et al., investigated 
the risk of sepsis in 17 patients undergoing bone 
marrow transplant. They reported that continuous 
HRV monitoring (up to 16 days) in ambulatory 
patients could be an appropriate diagnostic 
factor of sepsis, and HRV drop <25% can alert 
the physician 24 hours before the presentation of 
clinical symptoms, which enables early diagnosis 
and treatment of sepsis [28]. Other researchers have 
also confirmed the role of HRV for sepsis prediction 
in adults and neonates [29, 30]. Although the results 
of these studies confirmed the present association 
of HRV with inflammation, differences in the type 
of disease necessitated further studies on the role of 
HRV in appendicitis.

This study was one the few reports about the role of 
HRV to predict the severity of appendicitis. Which 
could help as a discriminator for the patient selection 
of appendicitis non operative management. In this 
study, we found that HRV had a negative association 
with severity of appendicitis and could predict 

Table 3. Logistic regression analysis for association of Sex, Age, white blood cells, Alvarado score and heart rate variability with 
Simple versus complicated appendicitis.

B S.E. Wald df Exp(B) p value
HRV -0.140 0.034 16.823 1 0.869 <0.001
Sex 0.761
Age 0.249
WBC 0.232
Alvarado score 0.151

Fig. 1. The receiver operating characteristic (ROC) curve for 
the ability of heart rate variability. 
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and detect the complicated cases of appendicitis. 
Therefore, HRV could be used for prioritization of 
patients for appendectomy. Though, heart rate (HR) 
must be checked for all patients with appendicitis 
and the measuring tool of this parameter have been 
available in outpatient and inpatient settings, the 
variability in HR could help us to prioritize patients 
persistently in short and long time intervals.

In conclusion, the present study results revealed that 
HRV was negatively related with Alvarado score, 
WBC count, and intraoperative parameters including 
the severity of inflammation and omental wrapping. 
Also, studying the diagnostic accuracy of WBC and 
HRV showed that not only WBC and its combination 
with HRV, but also HRV alone could detect the 
complicated appendicitis cases with high sensitivity 
and specificity. Therefore, we suggest HRV as an 
easily accessible tool for preoperative assessment 
of appendicitis severity and further management 
planning. Further studies are required to prove this 
tool’s accuracy and clinical applicability.

Nevertheless, the cross-sectional nature of the study 
limited the evaluation of causative relationships 
between HRV and appendicitis. Furthermore, we 
did not follow patients after discharge and could 
not evaluate patients’ long–term outcomes. Another 
limitation of the present study was that we only 
assessed HRV before induction of anesthesia in 
patients scheduled for surgery and estimated the 

diagnostic accuracy of HRV based on statistical 
analysis. On the other hand, the clinical applicability 
of HRV assessment for the diagnosis of complicated 
appendicitis has to be clinically confirmed possibly 
by running clinical trials.

Declarations

Ethics approval and consent to participate: This 
study was supported by Shiraz University of Medical 
Sciences (SUMS) (IR.SUMS.Rec.1398.040).

Consent for publication: All authors agree with the 
publication of this article.

Conflict of Interests: The authors declared that they 
have no conflict of interest.

Funding: This study was supported by Shiraz 
University of Medical Sciences (SUMS).

Authorship contribution statement: A. Bananzadeh: 
Conceptualization, Methodology; A. Vahidi: Writing, 
original draft, Investigation, formal analysis, 
visualization; S. Salahi: Writing, review and editing; 
A. Foroutan: Methodology, writing, review and 
editing; L. Ghahramani: Writing, review and editing.

Acknowledgement: None declared.

References

1. Ferris M, Quan S, Kaplan BS, 
Molodecky N, Ball CG, Chernoff 
GW, et al. The Global Incidence of 
Appendicitis: A Systematic Review of 
Population-based Studies. Ann Surg. 
2017;266(2):237-241. 

2. Bhangu A, Søreide K, Di Saverio 
S, Assarsson JH, Drake FT. 
Acute appendicitis: modern 
understanding of pathogenesis, 
diagnosis, and management. Lancet. 
2015;386(10000):1278-1287. 

3. Kim M, Kim SJ, Cho HJ. Effect of 
surgical timing and outcomes for 
appendicitis severity. Ann Surg Treat 
Res. 2016;91(2):85-9. 

4. Lin CJ, Chen JD, Tiu CM, Chou 
YH, Chiang JH, Lee CH, et al. Can 
ruptured appendicitis be detected 
preoperatively in the ED? Am J Emerg 
Med. 2005;23(1):60-6. 

5. Moris D, Paulson EK, Pappas TN. 
Diagnosis and Management of Acute 
Appendicitis in Adults: A Review. 
JAMA. 2021;326(22):2299-2311. 

6. Sajjad MN, Naumeri F, Hina 
S. Non-operative treatment 
versus appendectomy for acute 
uncomplicated appendicitis: A 
randomized controlled trial. Pak J 
Med Sci. 2021;37(5):1276-1281. 

7. Salminen P, Paajanen H, Rautio T, 
Nordström P, Aarnio M, Rantanen 
T, et al. Antibiotic Therapy vs 
Appendectomy for Treatment of 
Uncomplicated Acute Appendicitis: 
The APPAC Randomized Clinical 
Trial. JAMA. 2015;313(23):2340-8. 

8. Barie PS. Non-Operative Management 
of Appendicitis: Evolution, not 
Revolution. Surg Infect (Larchmt). 
2021;22(10):991-1003. 

9. Podda M, Gerardi C, Cillara N, 
Fearnhead N, Gomes CA, Birindelli 
A, et al. Antibiotic Treatment and 
Appendectomy for Uncomplicated 
Acute Appendicitis in Adults and 
Children: A Systematic Review 
and Meta-analysis. Ann Surg. 
2019;270(6):1028-1040. 

10. Grasso CS, Walker LA. Modern 
Management of the Appendix: So 
Many Options. Surg Clin North Am. 
2021;101(6):1023-1031. 

11. United Kingdom National Surgical 
Research Collaborative, Bhangu A. 
Safety of short, in-hospital delays 
before surgery for acute appendicitis: 
multicentre cohort study, systematic 
review, and meta-analysis. Ann Surg. 
2014;259(5):894-903. 

12. van Dijk ST, van Dijk AH, Dijkgraaf 

MG, Boermeester MA. Meta-analysis 
of in-hospital delay before surgery 
as a risk factor for complications in 
patients with acute appendicitis. Br J 
Surg. 2018;105(8):933-945. 

13. Emile SH, Sakr A, Shalaby M, 
Elfeki H. Efficacy and Safety of 
Non-Operative Management of 
Uncomplicated Acute Appendicitis 
Compared to Appendectomy: An 
Umbrella Review of Systematic 
Reviews and Meta-Analyses. World 
J Surg. 2022:1–17. 

14. Shay S, Kupietzky A, Weiss DJ, 
Dover R, Lourie NEE, Mordechay-
Heyn T, et al. Composite Criteria 
for Non-Operative Management of 
Acute Non-Complicated Appendicitis 
Result in Low Failure Rates. World J 
Surg. 2022;46(1):69-75. 

15. Andersson U, Tracey KJ. Reflex 
principles of immunological 
homeostasis. Annu Rev Immunol. 
2012;30:313-35. 

16. van Westerloo DJ, Giebelen IA, 
Florquin S, Daalhuisen J, Bruno MJ, 
de Vos AF, et al. The cholinergic anti-
inflammatory pathway regulates the 
host response during septic peritonitis. 
J Infect Dis. 2005;191(12):2138-48. 

17. Huston JM, Tracey KJ. The pulse of 



Bananzadeh AM et al.

Bull Emerg Trauma 2022;10(2)76 

inflammation: heart rate variability, 
the cholinergic anti-inflammatory 
pathway and implications for therapy. 
J Intern Med. 2011;269(1):45-53. 

18. Williams DP, Koenig J, Carnevali 
L, Sgoifo A, Jarczok MN, Sternberg 
EM, et al. Heart rate variability and 
inflammation: A meta-analysis of 
human studies. Brain Behav Immun. 
2019;80:219-226. 

19. Billman GE, Huikuri HV, Sacha J, 
Trimmel K. An introduction to heart 
rate variability: methodological 
considerations and clinical 
applications. Front Physiol. 2015;6:55. 

20. Alvarado A. A practical score for the 
early diagnosis of acute appendicitis. 
Ann Emerg Med. 1986;15(5):557-64. 

21. Ohle R, O’Reilly F, O’Brien KK, 
Fahey T, Dimitrov BD. The Alvarado 
score for predicting acute appendicitis: 
a systematic review. BMC Med. 2011 
Dec 28;9:139. 

22. Chandra A, Srivastava RK, Kashyap 
MP, Kumar R, Srivastava RN, Pant 

AB. The anti-inflammatory and 
antibacterial basis of human omental 
defense: selective expression of 
cytokines and antimicrobial peptides. 
PloS one. 2011;6(5):e20446.

23. Cooper TM, McKinley PS, Seeman 
TE, Choo TH, Lee S, Sloan RP. Heart 
rate variability predicts levels of 
inflammatory markers: Evidence for 
the vagal anti-inflammatory pathway. 
Brain Behav Immun. 2015;49:94-100. 

24. Xhyheri B, Manfrini O, Mazzolini 
M, Pizzi C, Bugiardini R. Heart rate 
variability today. Prog Cardiovasc 
Dis. 2012;55(3):321-31. 

25. Coviello I, Pinnacchio G, Laurito M, 
Stazi A, Battipaglia I, Barone L, et al. 
Prognostic role of heart rate variability 
in patients with ST-segment elevation 
acute myocardial infarction treated 
by primary angioplasty. Cardiology. 
2013;124(1):63-70. 

26. Huikuri HV, Exner DV, Kavanagh 
KM, Aggarwal SG, Mitchell LB, 
Messier MD, et al. Attenuated 

recovery of heart rate turbulence 
early after myocardial infarction 
identifies patients at high risk for fatal 
or near-fatal arrhythmic events. Heart 
Rhythm. 2010;7(2):229-35. 

27. Zuern CS, Barthel P, Bauer A. Heart 
rate turbulence as risk-predictor after 
myocardial infarction. Front Physiol. 
2011;2:99. 

28. Ahmad S, Ramsay T, Huebsch L, 
Flanagan S, McDiarmid S, Batkin 
I, et al. Continuous multi-parameter 
heart rate variability analysis heralds 
onset of sepsis in adults. PLoS One. 
2009;4(8):e6642. 

29. Fairchild KD, O’Shea TM. Heart rate 
characteristics: physiomarkers for 
detection of late-onset neonatal sepsis. 
Clin Perinatol. 2010;37(3):581-98. 

30. de Castilho FM, Ribeiro ALP, Nobre 
V, Barros G, de Sousa MR. Heart rate 
variability as predictor of mortality 
in sepsis: A systematic review. PLoS 
One. 2018;13(9):e0203487. 

Open Access License
All articles published by Bulletin of Emergency And Trauma are fully open access: immediately freely available to read, download 
and share. Bulletin of Emergency And Trauma articles are published under a Creative Commons license (CC-BY-NC).


