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Objective: To define factors associated with survival in dogs with tetanus and to evaluate the prognostic significance of an established severity classification scheme.

Methods: Medical records of dogs with the clinical diagnosis of tetanus were retrospectively reviewed with regard to signalment, clinical signs, clinicopathological findings on admission, wound characteristics, complications, therapeutic measures, and survival to discharge. Based on the extracted data, dogs were graded according to a previously published 4-class severity scheme. Non-parametric tests were applied for comparisons between survival categories.

Results: Forty-two dogs fulfilled inclusion criteria, of which 32 survived. Of 10 non-survivors, 4 died and 6 were euthanised. Non-survivors were more often younger than 2 years of age (6/10 vs. 7/32 dogs, p = 0.023), had shorter duration of specific signs of tetanus (time from onset of typical signs to presentation) (2 vs. 4 days, p = 0.016), were prescribed less often antibiotics prior to presentation (p = 0.006), had higher tetanus severity grade (10/12 dogs in Class III or IV died, p < 0.001), more often received acepromazine (p = 0.009) and atropine (p = 0.012), and more often had hyperthermia (p = 0.005) and respiratory complications (pneumonia, laryngeal spasm; p = 0.008). Wound characteristics, the use of tube feeding, metronidazole, methocarbamol, magnesium and antitoxin were not significantly different between non-survivors and survivors.

Clinical significance and conclusion: Young dogs with a rapid course of severe generalized tetanus have a guarded prognosis. The previously described severity classification scheme proved valuable in predicting survival. Prospective multi-center studies are needed to clarify the prognostic significance of age, sedative usage and modified versions of an established classification scheme, including the presence of respiratory complications.
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1. Introduction

Tetanus is uncommon in dogs given their relative resistance to Clostridium tetani neurotoxin (1). Generalized forms prevail in this species, characterized by muscle rigidity, spasms and autonomic dysfunction in severe cases (2, 3). This is similar to clinical presentation of tetanus in humans, where complications arising from autonomic disturbances, aspiration pneumonia, hypoxaemia and sepsis represent leading causes of death (4–7). Mortality rates in humans are particularly high (33–92%) in low-income countries, with limited access to mechanical ventilation (8, 9), when compared to high-income countries (mortality 15–25%), where ventilatory support is available as needed (6, 10). In human patients with access to mechanical ventilation, the presence of autonomic dysfunction is the main predictor of poor outcome (5, 7).

In dogs, mortality rates between 8 and 50% (2, 3, 11–13) have been reported, with highest mortality in those developing autonomic (2) or respiratory complications, despite the use of mechanical ventilation or tracheostomy in some of these dogs (12). Nevertheless, a few reports of successful use of mechanical ventilation in canine tetanus can be found in the literature (3, 14).

Generally, given the low prevalence of tetanus in dogs, literature on this condition is scarce and leans partially on information about animals treated more than 20 years ago. Only one study, published in 2007, proposed a severity classification scheme associated with disease outcome (2). However, this scheme has not yet been assessed in an independent cohort of dogs with tetanus. As the standards of care in veterinary medicine likely have improved since this classification scheme was published, additional factors impacting outcome might be identified in cohorts including more recent cases. Such factors might not only be useful in outcome prediction but, depending on their nature, could also help guide treatment to improve survival.

Thus, the aim of the present study was to re-evaluate the prognostic significance of Burkitt et al.'s severity grading scheme (2), and to identify new factors associated with survival in dogs with tetanus. We hypothesized, that more severe disease as assessed by Burkitt et al.'s scheme and the presence of respiratory complications are associated with death in cases of canine tetanus.



2. Materials and methods


2.1. Study design, inclusion and exclusion criteria

A retrospective case series with analysis focusing on outcome (survival vs. non-survival) was conducted. For this purpose, the patient management system (easyVET®, VetZ GmbH, Isernhagen, Germany) at the Giessen University Small Animal Clinic was searched for the term “tetanus” in the records of dogs presented between 2006 and 2020. Dogs were included in the study based on characteristic signs of local or generalized tetanus at presentation, i.e., erect ears, risus sardonicus, wrinkled forehead and/or sawhorse stance. Dogs with a history or suspicion of ingestion of neurotoxic substances, significant ionized hypocalcaemia (≤ 0.8 mmol/L) (15) on admission, findings consistent with myositis, meningoencephalitis or spinal trauma, or missing essential medical data were excluded.



2.2. Medical records review

The following information was retrieved from medical records: signalment [including categorization of dogs as premature and mature (< 2 vs. > 2 years of age) as recently proposed (16)]; the month and season of presentation (October to March = cold season; April to September = warm season), also relating monthly distribution of cases to temperature and rainfall data (average from 1991 to 2020) collected by Germany's National Meteorological Service in the Giessen region; clinical signs observed by the owners prior to admission; clinical signs on admission including categories of body temperature [the lower/upper limit of normal temperature was set at 37.7/39.3 °C (17, 18)] and presence and localization of a wound; clinicopathological findings on admission (see below); and administered drugs and treatments (antibiotics, sedatives, muscle relaxants, assisted feeding). Treatment decisions were made based on the discretion of the attending clinician. Moreover, information about clinical deterioration during hospitalization (change of severity class based on the severity assessment scheme below) and complications were retrieved from the medical records. Complications were reported according to organ system: respiratory [aspiration pneumonia (based on radiographic evidence); laryngospasm (inspiratory dyspnoea with laryngeal stridor)], gastrointestinal {gastrointestinal dysmotility: delayed gastric emptying [< 4 peristaltic contractions per minute assessed with ultrasound (19)] and/or functional ileus [< 1 small bowel contractions per minute assessed with ultrasound (19)]; constipation [based on difficult evacuation of hard feces (20)]}, urogenital {dysuria [difficult and/or painful urinations (21)]; priapism} and other complications (not allocatable to any organ system). Where dogs fulfilled criteria for sepsis as previously defined [dysfunction of ≥ 2 organ systems in patient with suspected or confirmed infection (22)], this was recorded. However, this was not treated as a unique complication as it was considered to be the result of an underlying condition such as aspiration pneumonia. Finally, evidence of rapid eye movement (REM) sleep behavior disorders during hospitalization as recently defined (13), length of hospitalization and survival to discharge were recorded.



2.3. Severity assessment

Severity of disease on admission and during hospitalization was assessed retrospectively at the time of medical records review for the purpose of this study, using the 4-class scheme published by Burkitt et al. (2): Class I = facial signs compatible with tetanus (e.g., risus sardonicus, erect ears, enophthalmos) or hypersensitivity to light, noise or touch; Class II = generalized rigidity or dysphagia, with or without Class I findings; Class III = recumbency, tetanic spasms or seizures, with the prerequisite of having Class I or II signs; Class IV = abnormal heart rate or rhythm, blood pressure or respiration in addition to the Class III signs. For the purpose of severity classification, definition of bradycardia (≤ 60 beats/min), tachycardia (≥ 140 beats/min), bradypnoea (≤ 10 breaths/min), tachypnoea (≥ 40 breaths/min without panting), hypotension (systolic arterial blood pressure ≤ 80 mmHg) and hypertension (systolic arterial blood pressure ≥ 150 mmHg) were adopted from the study by Burkitt et al. (2) [a copy of the severity classification system of Burkitt et al. (2) is provided as Supplementary material (Supplementary 1)].



2.4. Laboratory findings

Hematology, biochemistry and blood gas analysis results obtained on the day of presentation or within the first 48 h thereafter were reviewed. Hematology was performed using either ADVIA® 2120 (Siemens Healthcare GmbH, Erlangen, Germany) or ProCyte Dx (IDEXX GmbH, Kornwestheim, Germany), the latter being used when the dog presented out of hours. Heparinised plasma biochemistry was performed on ABX Pentra 400 (HORIBA ABX SAS, Montpellier, France) and blood gas analysis using cobas® b 221 System (Roche Diagnostics Germany GmbH, Mannheim).



2.5. Treatment outcome

Treatment outcome was determined using the information provided in the medical records or by telephone follow-up in outpatients at the time of writing. Outcome was defined as negative or positive. Negative outcome was death related to tetanus, either spontaneous or by euthanasia (referred to as “non-survivors” throughout the manuscript). Positive outcome was survival to discharge in inpatients and uneventful recovery in outpatients (referred to as “survivors” throughout the manuscript).



2.6. Statistical analysis

Normality was assessed graphically (Q-Q plots and histograms) and by the means of statistical tests (Shapiro-Wilk test). Most of the data were not normally distributed, therefore, all data are expressed as median (range). Where the dataset was incomplete for a given parameter, then the proportion of those dogs for which data were available is presented. Non-parametric methods were applied for comparisons between non-survivors and survivors. Continuous variables were compared using the Mann-Whitney U test and categorical variables using either Chi-square or Fisher's exact test. P < 0.05 was considered significant. Statistical analysis was performed using IBM SPSS Statistics for Windows (Version 26.0. Armonk, NY, USA: IBM Corp.). Graphs were made in Microsoft® Excel® 2019 (version 2202, Microsoft Corporation, WA, USA).




3. Results


3.1. Study sample

Sixty-two dogs were identified by medical records search, of which 20 were excluded for the following reasons: tetanus suspected by the referring veterinarian, but not confirmed in the clinic (n = 5); tetanus discussed in the discharge summary as a possible differential, but a different final diagnosis made (n = 3); tetanus referred to in a different context (n = 2) (past history of tetanus in one dog, past vaccination against tetanus in another dog); primary neuromuscular disease or exposure to neurotoxic substances (n = 6); incomplete medical records (n = 4). Thus, 42 dogs were enrolled in the study. Nine dogs (21%) presented between 2006 and 2010, 14 dogs (33%) between 2011 and 2015 and 19 dogs (45%) between 2016 and 2020.


3.1.1. Signalment

Twenty breeds were represented: German Shepherd Dogs (n = 5), Labrador Retrievers (n = 4), Staffordshire Bullterriers (n = 3), Rhodesian Ridgebacks (n = 2) and one each of Malinois, Golden Retriever, American Staffordshire Terrier, American Bullterrier, Alaskan Malamute, German Hunting Terrier, Irish Terrier, German Shorthaired Pointer, Bernese Mountain Dog, Border Collie, Magyar Vizla, Doberman Pinscher, Weimaraner, Giant Schnauzer, Bernard Dog and Dogo Canario. Twelve dogs were cross-breed. Body weight ranged from 5.8 to 44 kg. Median age was 3 years (range, 0–9), with 31% (13/42) being younger and 69% (29/42) being older than 2 years. Half of the dogs were male and there were equal numbers of intact dogs of each gender (11/21 of each gender). Distribution of cases over the year was U-shaped, with 71% (30/42) of cases presenting during the cold season (Figure 1).


[image: Figure 1]
FIGURE 1
 Distribution of cases of tetanus in 42 dogs presented to a university teaching hospital in Germany (2006–2020) across the months of the year in relationship to temperature and rainfall. Temperature and rainfall data represent the 30-year average (1991–2020) recorded in Gießen (Lahntal), Hessen, Germany [data extracted from Germany's National Meteorological Service online database (https://www.dwd.de/DE/leistungen/klimadatendeutschland/mittelwerte)].




3.1.2. Presenting complaints, physical examination findings and severity assessment

Tetanus specific symptoms were reported to be present for 3 days (range, 1–10) prior to presentation and in most instances progressed to the day of presentation. Wrinkled forehead (93%, 39/42), erect ears (88%, 37/42), stiffness / rigidity (81%, 34/42), risus sardonicus (71%, 30/42) and dysphagia (60%, 25/42) were most common, followed by trismus (41%, 17/42) and ocular abnormalities (36%, 15/42; strabismus in 12 dogs, enophthalmos / protrusion of the nictitating membrane in 6 dogs and miosis in 2 dogs). Fasciculations (10%, 4/42), hypersensitivity (10%, 4/42; noise and touch in 3 dogs and touch in 1 dog), stiff tail (7%, 3/42) and sawhorse stance (5%, 2/42) were less commonly reported and dysuria was reported in 1 dog (2%, 1/42) prior to presentation (4 more dogs developed dysuria during hospitalization as described in section 3.1.9 below). Five dogs (12%, 5/42) presented in lateral recumbency. Complaints other than those specific for tetanus were hypersalivation in 23 dogs (55%, 23/42), vomitus/regurgitation (it was generally unclear, which one had occurred) and cough in 12 dogs each (29%, 12/42 each) and diarrhea in 3 dogs (7%, 3/42).

Included dogs had a median 5-point body condition score value of 3 (range, 2–4). Ninety-three percent (39/42) of the dogs had normal heart rate, and 3 dogs (7%, 3/42) had tachycardia (≥ 140/min). Nine dogs (21%, 9/42) presented with tachypnoea (≥ 40/min) and two dogs (5%, 2/42) with spasm-driven labored respiration. Seven dogs (17%, 7/42) had body temperature above the upper limit (> 39.3 °C; range, 39.4–40.9), but none was hypothermic (< 37.7 °C). ECG was performed in 3 dogs initially and was abnormal in one dog (second degree atrioventricular block).

Using the classification scheme of Burkitt et al. (2), 8 dogs (19%, 8/42) initially fitted the criteria for tetanus severity Class I, 28 dogs (67%, 28/42) for Class II, 3 dogs (7%, 3/42) for Class III and 3 dogs (7%, 3/42) for Class IV. Inclusion into the Class IV severity category on admission was in all cases made based on the presence of tachycardia. Of the 39 hospitalized dogs (3 dogs were treated on an outpatient basis), 7 (18%) progressed to a higher severity Class during the course of their disease. One dog progressed from Class II to III, 5 progressed from II to IV, and 1 from III to IV. Overall, the worst/highest achieved severity class was Class I in 6, Class II in 21, Class III in 3 and Class IV in 9 of the 39 hospitalized dogs. For the 6 dogs who progressed to Class IV during hospitalization, the criterion used to assign them to Class IV was respiratory arrest in 3 dogs (1 of those 3 had systemic hypotension as well), tachycardia in 2 and systemic hypertension in 1.

Disturbances in the REM sleep were noted in 5 dogs from Classes I (n = 1), II (n = 3) and III (n = 1). Signs comprised paddling / running movements (n = 4), fasciculations (n = 3), vocalization (n = 2) and jaw chomping (n = 1).



3.1.3. Wound characteristics

Sixty-seven percent (28/42) of the dogs had a history of a wound identified by veterinarian/owner. The median interval from the injury / the time the wound was first observed to the onset of clinical signs of tetanus was 7 days (range, 2–39). Twenty-six wounds as reported by the owners could be confirmed and another 8 wounds, not noted by the owner / referring veterinarian, could be detected during initial examination. Three dogs had 2 wounds concurrently, making 34 wounds affecting 31 dogs (74%) upon admission. Twenty-six wounds (76%, 26/34) were located at distal extremities (18 front limb; 8 pelvic limb; location within the extremities: 24 digital; 1 footpad; 1 metatarsal), 4 were related to the oral cavity / head (3 dental; 1 healing buccal mucous membrane laceration associated with ipsilateral mandibular lymphadenitis), 2 were related to the abdomen (1 post ovariohysterectomy; 1 bite wound) and 2 were located to the thorax [1 suspicion of esophageal trauma (based on the presence of cervical emphysema and radiological evidence of pneumomediastinum); 1 injury by a wooden stick on the lateral aspect of the thorax not penetrating into the thoracic cavity].

Surgical wound debridement was performed in 14 dogs after a median of 16 h (range, 2–42) of hospitalization. Of the 11 dogs (26%, 11/42) where no wound could be identified, one had flea infestation.



3.1.4. Clinicopathological findings

Hematological and clinical chemistry findings were available for review in 39 (93%, 39/42) and 36 dogs (86%, 36/42), respectively. Ninety-five percent of the hematology and 56% of the chemistry results stemmed from the day of initial presentation at our institution. Half of the dogs (21/42) had venous blood gas analysis performed upon initial presentation, including lactate measurements in all but one dog.

With the exception of creatine kinase activity (CK), which was abnormal in 59% (17/29) of cases where this parameter was measured [median, 783 U/L (range, 229–24,680 U/L)], there were no or only minimal derangements of the remaining laboratory parameters, considered not to be of clinical relevance. Some findings could be attributed to the young age (< 6 months).



3.1.5. Antibiotics

Sixty-seven percent (28/42) of the dogs were treated with antibiotics prior to presentation, and in 12 more dogs antibiotics were started upon admission, leaving 2 dogs (5%, 2/42) without antibiotic treatment for reasons unknown. Prior to admission, amoxicillin with or without clavulanate was prescribed most often (61%, 17/28), followed by penicillin (29%, 8/28), streptomycin (18%, 5/28), fluoroquinolones (18%, 5/28), metronidazole (11%, 3/28), clindamycin (11%, 3/28) and doxycycline (4%, 1/28). Prior to referral, 10 dogs were treated with more than one antibiotic. From the time of presentation, metronidazole (78%, 31/40) was the most often used antibiotic, followed by amoxicillin/clavulanic acid (60%, 24/40), ampicillin (15%, 6/40) and fluoroquinolones (13%, 5/40). Eighteen (45%, 18/40), 18 (45%, 18/40) and 4 dogs (10%, 4/40) received 1, 2 and 3 antibiotics, respectively. Combination of metronidazole and amoxicillin/clavulanate was the most common reason for the use of 2 antibiotics concurrently (n = 11). Five dogs received 2 antibiotics because of perioperative ampicillin usage and 1 dog received ampicillin perioperatively and 2 other antibiotics. Evidence of sepsis was the reasons for concurrent administration of 3 antibiotics in one dog, in 3 more dogs the reason was unknown. In the remaining dogs the reason for administration of more than one antibiotic could not be identified from medical records.



3.1.6. Sedation, muscle relaxation and atropine use

Thirty-six dogs (86%, 36/42) received sedatives, whereby benzodiazepines were used most often (81%, 34/42), followed by acepromazine (50%, 21/42), butorphanol (31%, 13/42) and barbiturates (14%, 6/42). Twenty-eight dogs (67%, 28/42) received two or more sedatives at the same time. Dosage of sedatives as extracted from medical records was as follows (number of dogs for which respective information was available and mode of administration are indicated in square brackets): midazolam 4.2 mg/kg/day {range, 2.1–12.1 mg/kg/day; [n = 21, intravenous (IV) bolus and/or constant rate infusion (CRI)]}; diazepam 1.3 mg/kg/day {range 0.7–3.2 mg/kg/day; [n = 13, peroral (PO) and/or IV bolus]}; tetrazepam 4.3 mg/kg/day [range, 3.3–5.3 mg/kg/day; (n = 2, PO)]; acepromazine 0.3 mg/kg/day [range, 0.02–1.9 mg/kg/day; (n = 13, IV bolus)]; butorphanol 2.8 mg/kg/day [range, 0.4–11.0 mg/kg/day; (n = 9, IV bolus and/or CRI)]; phenobarbital 3.3 mg/kg/day [range, 1.0–11.8 mg/kg/day; (n = 3, PO and/or IV bolus)]; pentobarbital 3.4 mg/kg/day [n = 1, CRI].

Methocarbamol was prescribed for 22 dogs (52%, 22/42), of which 21 received benzodiazepines concurrently. Dosage of methocarbamol was recorded in 21 cases and ranged from 72 to 310 mg/kg/day (median, 154 mg/kg/day). Application routes of methocarbamol were PO, IV and/or CRI. Magnesium was given in 33 cases (79%, 33/42) PO and/or parenterally (as a supplement of crystalloid IV fluids).

Atropine was administered as IV bolus injection and/or via CRI in 18 dogs (43%, 18/42).



3.1.7. Tetanus antitoxin

In 5 dogs tetanus antiserum (1 of human origin, 4 equine) was administered by the referring veterinarian prior to presentation, another 19 dogs received equine antitoxin during hospitalization [in total, 57% (24/42) dogs received tetanus antitoxin]. Information regarding time from onset of tetanic signs to antitoxin administration was available in 17 dogs and was 97 h (range, 25–149). The dose of antiserum administered was known in 18 dogs and ranged from 86 to 1,666 U/kg (median, 357 U/kg). In a descending order, route of administration of tetanus immunoglobulin was IV (n = 14), subcutaneous (n = 3) and intramuscular (n = 1). Adverse reactions to antitoxin were not reported.



3.1.8. Tube feeding

In 57% of the dogs (24/42) nutrition was temporarily provided via feeding tube. Seventeen dogs had a percutaneous endoscopic gastrostomy (PEG) tube placed and the remainder (7/24) received an oesophagostomy (4/7) or a nasogastric tube (3/7). Information regarding time to initiation of assisted enteral feeding was available for all but one dog and ranged from 2 to 72 h (median, 19) after admission.



3.1.9. Complications

Fifteen dogs (38%, 15/39) had complications, whereby 6 dogs had more than one. Respiratory complications occurred in 5 dogs and included laryngospasm in 1 (necessitating endotracheal intubation with the aid of a stylet and short-term mechanical ventilation; the indication for the mechanical ventilation could not be discerned based on medical records) and aspiration pneumonia in 4 dogs. Gastrointestinal complications occurred in 8 dogs, including gastrointestinal dysmotility in 6 and constipation in 2 dogs. Genitourinary complications comprised dysuria in 5 and priapism in 2 dogs. Other/unclassified complications were percutaneous endoscopic gastrostomy (PEG) insertion site infection (n = 1) and tongue trauma (due to trismus, necessitating surgery; n = 1). One dog with severe gastrointestinal dysmotility and 2 dogs with both aspiration pneumonia and gastrointestinal dysmotility had evidence of sepsis.



3.1.10. Survival, reasons for death/euthanasia and length of hospitalization

Thirty-two dogs (76%, 32/42) survived to discharge. Of these, 3 were managed on an outpatient basis. Of the 10 dogs not surviving to discharge, 4 died and 6 were euthanised due to severity of the disease and lack of owner commitment to further treatment when initial improvement was not seen (n = 4) or financial constraints (n = 2).

Reasons for death (as opposed to euthanasia) were cardiovascular failure preceded by respiratory arrest in 3 dogs, and 1 dog died of septic shock. Cardiopulmonary resuscitation was unsuccessful in all 3 dogs with respiratory arrest and was declined in the dog dying of septic shock.

None of the Class IV and only 2/3 of the Class III dogs survived. Time of hospitalization in survivors with respect to disease severity was 4 days (range, 2–8) in Class I; 8 days (range, 2–28) in Class II; 12 days (range, 11–13) in Class III.




3.2. Comparisons between survival categories
 
3.2.1. Age, gender, and neutering status

Non-survivors were significantly more often younger than 2 years, but there was no effect of sex and neutering status on survival (Table 1).


TABLE 1 Differences in age, gender and neutering status between survival categories in 42 dogs with tetanus.

[image: Table 1]



3.2.2. Presenting complaints, physical examination findings, wound location, and disease severity

When compared to survivors, non-survivors had a significantly shorter duration of clinical signs compatible with tetanus [median, 2 (range, 1–4) vs. 4 (range, 1–10) days, p = 0.016] and were more likely to show trismus upon admission (Table 2). Non-survivors also had significantly more often history of vomiting/regurgitation prior to admission and had significantly more often hyperthermia and tachycardia on initial physical examination, while there was no difference in other anamnestic and physical examination parameters, including wound location (Table 2).


TABLE 2 Differences in anamnestic data, baseline clinical signs and disease severity between survival categories in 42 dogs with tetanus.

[image: Table 2]

Regarding assignment to severity classes according Burkitt et al. (2), non-survivors significantly more often were assigned a worse severity class upon admission. While all but 1 survivor presented Class I or II signs only, 50% of the non-survivors presented in Class III or IV (Table 2). Furthermore, non-survivors significantly more often deteriorated during hospitalization (switched to a worse/higher severity class) (Table 2).



3.2.3. Wound debridement, antibiotics, sedatives, muscle relaxants, antitoxin, atropine, and tube feeding

Comparison of treatment modalities between survival categories is presented in Table 3.


TABLE 3 Differences in treatment between survival categories in 42 dogs with tetanus.

[image: Table 3]

Neither performing surgical debridement nor time from presentation until surgery [non-survivors: 17 h (range, 3–88); survivors: 19 h (range, 2–184); p = 0.930] had an effect on survival. Non-survivors received significantly less often antibiotics prior to presentation (3/10 non-survivors vs. 25/32 survivors received antibiotics prior to presentation, p = 0.006), but the choice of a particular antibiotic or omission of metronidazole from treatment regime did not impact survival.

Non-survivors more often received acepromazine, barbiturates and atropine. There was no significant difference between non-survivors and survivors with respect to the number of administered sedatives, use of methocarbamol and use of magnesium.

Non-survivors received antitoxin earlier in the course of their disease [50 h (range, 26–51) vs. 99 h (range, 25–149), p = 0.006], but the use of antiserum was not associated with improved survival rate. Furthermore, neither feeding tube placement nor time to starting enteral feeding [17 h (range, 3–65) vs. 20 h (range, 2–72), p = 0.636] differed significantly between non-survivors and survivors.



3.2.4. Complications

Non-survivors more often had respiratory complications, whereas frequency of complications in other organ systems did not differ between survival categories (Table 4).


TABLE 4 Differences in complications between survival categories in 39 dogs with tetanus treated as inpatients.
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4. Discussion

This study aimed at searching for factors, that might be of relevance to survival in dogs with tetanus. Several such factors were identified, most importantly younger age, duration of clinical signs, disease severity based on classification by Burkitt et al. (2), disease progression and respiratory complications. The study could confirm the validity and usefulness of Burkitt et al.'s severity classification scheme and introduced the concept of categorizing complications by organ systems. Eventually, while findings of this study advocate the use of antibiotics early in the course of disease, choice of one of the recommended antibiotic compounds (1) seems to be of minor significance in terms of survival as does wound debridement and antitoxin usage.

Generally, tools using clinical signs to assess severity of disease are extremely useful in clinical practice settings as they can be applied by any veterinarian and do not require special equipment. It was therefore one of our aims to re-assess the validity of Burkitt et al.'s classification scheme (2) in this independent cohort of dogs with tetanus, separated by both space and time from Burkitt et al.'s cohort. Confirming the universal validity of Burkitt et al.'s scheme, it proved useful in terms of prognostication in the present study too. All 9 Class IV dogs died as did 1/3 Class III dogs, while all Class I and II dogs survived. In Burkitt at al's cohort, 7/14 Class IV dogs and 1/5 Class III dogs did not survive, and no death was reported for dogs in Classes I and II. Although the mortality rate of Class IV dogs in Burkitt et al.'s study was lower than in the present report, the higher euthanasia rate in our study (5/9 Class IV dogs) when compared to Burkitt et al.'s cohort (2/14 Class IV dogs) represents an important confounder. Indeed, the overall mortality rate is comparable between our [10/42 (24%)] and the former report [8/35 (23%)]. This is an interesting finding, suggesting that mortality rates in dogs with tetanus have not improved over the past 15 years.

Besides evaluation of the prognostic relevance of this previously published severity classification scheme (2), this study aimed to identify additional factors associated with survival, which can easily be assessed by clinicians upon initial presentation such as history, signalment and physical examination findings. In this regard, the association of non-survival with younger age, history of vomiting/regurgitation, shorter duration of the disease and the presence of trismus might be promising and should be assessed as potential prognostic factors in prospective studies.

Tetanus is more prevalent in younger dogs who also have previously been reported to suffer from a more severe disease (2). It has been suggested that this age-related susceptibility might be associated with immune system status or increased environmental exposure with advancing age (1). In the present study younger age (< 2 years) was associated with non-survival. Similarly, older age as a factor of improved survival has been documented in equine tetanus as well (23).

Although not evaluated for its prognostic significance, but not less important for the veterinary community is the seasonality of tetanus. A higher frequency of cases in the UK during the cold season was recently documented by Starybrat et al. (24), and was also identified in the present report. This seasonality might be due to the exposure to wet and muddy conditions in winter and fall, which predisposes to increased contamination of wounds with soil-containing spores (24). Seasonality, however, seems to be dependent on uniformity of climate (as opposed to extremes) as was recently proposed in a study of dogs with tetanus from California, USA, where no such seasonality exists (25). At least in the moderate climate zones of Europe, clinicians should bear in mind, that tetanus is more prevalent during cold months and put the disease on their list of possible differentials. Although tetanus usually has typical clinical presentation, some cases present with vague symptoms and ocular abnormalities. Ocular abnormalities such as swollen eyelids, protrusion of the third eyelid / enophthalmos, epiphora, and strabismus might represent the only clinical signs in the early stage of the disease (2, 26), and there is some risk the disease might initially go unrecognized by less experienced clinicians.

Vomiting has been infrequently reported in dogs with tetanus, either as a vague early sign of the disease (2, 27) or as a complication of PEG-tube feeding (2, 14). Regurgitation secondary to hiatal hernia and megaoesophagus has also been rarely described in canine tetanus (28–30). Vomiting and regurgitation are often confused one with the other by owners (even with targeted history taking) and thus it remains unclear, which of the two complaints was present in this cohort. In this study, vomiting/regurgitation was associated with non-survival. Four of 10 non-survivors (and none of the survivors) suffered from aspiration pneumonia and 3 of those 4 dogs had vomiting/regurgitation, implying the role of vomiting/regurgitation in the pathogenesis of this respiratory complication, which has clearly been related to death in this and previous research (12). Vomiting/regurgitation could have occurred as a consequence of gastric stasis, indicating disturbed autonomous function. Indeed, all non-survivors with the history of vomiting/regurgitation received atropine, suggesting the presence of autonomic dysfunction in these dogs. Gastric stasis has been shown to increase the risk of aspiration in critically ill dogs (31), and in tetanus, concurrently raised intra-abdominal pressure due to the spasm of abdominal muscles might further aggravate this risk (32). Interestingly, all 3 non-survivors with aspiration pneumonia and vomiting/regurgitation also had trismus. Inability to expel vomit from the mouth might have contributed to aspiration in those cases, the risk of aspiration being potentially further exacerbated by gastric tube feeding, which all of them received. Aspiration pneumonia might be the underlying mechanism for the association between trismus and non-survival in the present cohort of dogs. Furthermore, trismus might also be a sign of more advanced disease. Although it is a Class I sign (facial sign compatible with tetanus), it was in fact present in 8/29 of Class I and II dogs but in 9/12 Class III and IV dogs. Generally, trismus is likely to have a more serious impact on the patient (e.g., ability of food prehension) than other Class I signs such as wrinkled forehead or erect ears, which more or less represent an aesthetic problem rather than impacting any essential physiological processes.

In low-income countries, where access to high intensity care may be a challenge, prognosis of people with generalized tetanus is worse if clinical signs progress rapidly (4, 8, 9). In one study of people with tetanus, time from onset of specific signs to the first spasms of less than 3 days was associated higher mortality (9). This is largely consistent with the findings in our cohort, in which 7/10 non-survivors as compared to 11/32 survivors were ill for < 3 days prior to admission. However, there are reports of cases of canine tetanus complicated by autonomic dysfunction and/or need for mechanical ventilation, who deteriorated within 3–5 days after the onset of the first signs of tetanus but could be successfully managed and survived (14, 27).

This study also reviewed treatment modalities including surgical wound revision. Although a large meta-analysis including over 3,000 people with tetanus found shorter incubation periods (time from injury to the appearance of symptoms) in patients with wounds located at the head, and this in turn was associated with increased mortality (4), neither wound location nor surgical wound debridement were associated with survival in dogs in this or a previous report (2). It is, however, possible that published studies on canine tetanus did not reach statistical power to identify such association. Similar to other canine studies (2, 13), distal extremities were the most common sites or presumptive sources of infection. This is plausible, as these parts of the body have most contact to spores containing soil. In only a few dogs, the wound was located at the head (oral cavity in 3 and mandibular lymph node in 1 dog), and the site of infection was not identified in about one fourth of the cases, which, again, is similar to other reports (2, 3, 11). Based on their age, primary teeth eruption might have served as infection entry in at least 3 dogs where no wound was identified. In another dog, trivial wounds induced by fleas could have allowed entry of spores. Tick infestation with no evidence of other trauma has been reported in two dogs with tetanus (2, 33). Lack of association between surgical wound debridement and survival could implicate, that antibiotics are sufficient as a means to remove the source of infection. However, wounds positive for Clostridium tetani despite prolonged penicillin treatment (16 days) have been reported in humans (34), arguing in favor of surgery. Nonetheless, Sun et al. (10), discuss the possible negative impact of debridement (exacerbation of the symptoms of tetanus due to the intense stimulation caused by treatment of the wound itself), especially in cases of moderate to severe disease. They suggested, that wounds should only be debrided after the condition has stabilized.

Some controversy exists regarding the antibiotic of choice in patients with tetanus. Back in 1985, Ahmadsyah and Salim (35) demonstrated a survival benefit in moderately diseased patients treated with metronidazole as compared to procaine penicillin. However, in a recent prospective trial, outcome did not differ between patients treated with benzyl penicillin, benzathine penicillin or metronidazole, irrespective of disease severity (36). Likewise, multiple human and one canine study failed to find an association between antibiotic choice (mainly metronidazole and penicillin) and survival in tetanus (2, 6, 8, 10, 37), nor could such an association be identified in the study reported here. However, it is of note, that 78% (25/32) of survivors compared to only 30% (3/10) of non-survivors received antibiotics prior to referral, suggesting that early antibiotic treatment might be associated with favorable outcome. This is similar to cases of human and canine sepsis, where increased mortality has been reported in association with a delay in the administration of appropriate antibiotics (38, 39). Yet, our findings are in contrast with Burkitt et al.'s study, where no effect of timing of antimicrobial treatment on outcome could be identified, which the authors attributed to the small sample size. Another explanation for the association between timely usage of antibiotics and survival in this study might be very rapid progression of disease in non-survivors and therefore inadequate time to initiate antibiotic treatment. Forty-two percent of the dogs in the present study received two or more antibiotics during hospitalization. However, due to the retrospective nature of the study the indication for the use of multiple antibiotics could not be determined with certainty in all of these dogs. Seven dogs received a second or third antibiotic because of perioperative ampicillin usage (6 dogs) or evidence of sepsis (1 dog). In the remaining dogs the reason was unknown. In other case series proportion of those receiving two antibiotics was at least 30% (2, 3, 11) and prescription of more than two antibiotics is reported for aspiration pneumonia, urinary tract infections and the management of wounds on the basis of the results of culture and sensitivity tests (3, 14). Generally, in view of current antimicrobial stewardship guidelines, the use of multiple antibiotics needs to be considered carefully.

Although sedatives and muscle relaxants are an essential part of tetanus treatment, their effectiveness in treating canine tetanus or impact on survival have not yet been evaluated by objective methods, and the available information relies merely on anecdotal reports of individual cases. Acepromazine is commonly used in dogs with tetanus and some case reports or small case series suggested it might be more effective than benzodiazepines or methocarbamol to control spasms (11, 14, 40). In the present study, the use of this drug was associated with non-survival. The most likely explanation for this finding is that acepromazine was used to meet the demands of more severe disease. It is common practice at our institution to use diazepam as first line sedative in patients with tetanus. Only if this drug is not sufficient in controlling clinical signs, acepromazine and barbiturates might be added. This order of drug administration was described by other authors too (14), while some administered these sedatives the other way around (12). It should also be noted based on experimental data, that the ability of acepromazine to control tetanic spams diminishes with its repeated use and that tetanic activity can be exacerbated with increasing dosages of acepromazine (41). Whether such cumulative effect exists in clinical cases of canine tetanus is difficult to assess. If there is a cumulative effect on tetanic activity with acepromazine, one would expect the anticholinergic effect of this drug to cumulate as well. This, together with the vagolytic effect of atropine, the use of which also was more frequent in non-survivors, might have contributed to the pathogenesis of aspiration pneumonia, one of the major complications of tetanus, associated with increased mortality in this and a previous study (12). Atropine was shown to induce swallowing disorders and inhibit cough reflex even in low dosages (42). However, again, the use of atropine was likely indicated by the severity of the disease.

The effectiveness of methocarbamol as a muscle relaxant for controlling rigidity in dogs with tetanus has been questioned (2, 11). Our results are not in favor of its use either, but its effectiveness cannot be evaluated from a retrospective study. In human medicine methocarbamol has been replaced by benzodiazepines in the treatment of tetanus many years ago. Some authors suggest that lack of efficacy of methocarbamol might be due to its inability to control spasticity that originates from upper motor neuron injury (43). Clinical trials or experimental studies to support this opinion are lacking.

An interesting ancillary treatment for dogs with tetanus was presented in two recent case reports using magnesium constant rate infusion in supraphysiological dosages (27, 33). The authors expressed concerns about the depressive effect of high levels of sedation on the respiratory center, and claim that the use of magnesium allowed reduction in sedative medication (27). Indeed, in a large meta-analysis of human tetanus, higher sedative usage was associated with higher case-fatality (4). In the present study, the number of sedatives used per patient was not significantly associated with survival. However, the impact of oversedation cannot be assessed from retrospective data. Although oversedation could lead to increased risk of aspiration and cardiovascular and respiratory depression, undersedation, on the other hand can lead to uncontrollable tetany, pain, distress, hyperthermia (with its consequences such as coagulopathy or multiple organ dysfunction) and upper airway obstruction.

Many studies of canine tetanus directly or indirectly call into question the efficacy of tetanus immunoglobulin in dogs (2, 11, 13). The present study did not identify an association between antitoxin and survival either. One possible explanation for this could be, that in dogs unbound tetanospasmin, which is the substrate for antitoxin (1), plays a negligible role in the progression and outcome of the disease. Indeed, it is the amount of tetanus toxin that is irreversibly bound to CNS presynaptic sites, rather than the amount of circulating tetanospasmin, that determines how severe the course of the disease will be. The concept of efficacy of antiserum as a function of susceptibility to tetanospasmin is supported by the positive effects, that antitoxin exerts in more susceptible species, namely humans (4) and horses (23).

Tube feeding was not associated with survival and this matches directly (13) or indirectly (2, 12, 44) the results of former studies. By contrast, high caloric nutrition is reported to reduce the odds of death in people with tetanus (10). The lack of benefit of assisted feeding in canine tetanus might be due to the heterogenicity of disease severity in dogs included in the above-mentioned studies. Similarly, in a large retrospective analysis including 467 dogs suffering from various disease, energy supply indeed was positively associated with hospital discharge, but disease severity was the main negative predictor of outcome (45). Another explanation for the lack of effect of tube feeding on survival might be its relation to aspiration pneumonia, which might negate any potential effects of calorie supplementation. In dogs with tetanus, aspiration can occur antegrade due to accumulation of saliva in the pharynx, which tetanus patients are predisposed to due to dysphagia and hypersalivation. However, aspiration might also be caused by aspiration of gastric contents that reflux from the stomach into the pharynx. Nasogastric tubes have been shown to increase the risk of aspiration via loss of anatomical integrity of the upper and lower esophageal sphincters, increase in the frequency of transient lower esophageal sphincter relaxations, and desensitization of the pharyngoglottal adduction reflex (46). It has also been suggested that gastric bacteria could migrate upward along the tube and colonize the pharynx (46). One study in animal models (47) and another study in children (48) showed that gastrostomy tube placement might reduce lower esophageal sphincter (LES) pressure and increase the risk of gastro-esophageal reflux, with a change in the gastro-esophageal angle as the suspected mechanism. Sedatives also aggravate LES relaxation resulting in regurgitation of gastric contents (31). Sedatives are commonly used in dogs with tetanus and the use of some preparations (acepromazine, barbiturates) has been associated with non-survival in the present study, possibly by exacerbating risk of aspiration as discussed above. Given this possible association of assisted feeding with increased risk of aspiration but the previous positive effect of high-calorie nutrition in humans with tetanus, it could be of interest to evaluate the effect of total parenteral nutrition in future studies of canine tetanus. None of the dogs in the present study received parenteral nutrition. To minimize risk of aspiration, when feeding tubes are used in dogs with tetanus, gastric motility should be monitored closely and the use of prokinetic drugs should not be delayed when gastric stasis is detected. Also, the effect of sparing sedatives by use of magnesium to prevent gastroparesis should be investigated in future studies.

Complications are an important outcome measure in critical illness. Classification of complications is valuable to guide decision-making in clinical settings, aid client communication and allow for comparisons between studies. This study proposed classification of complications based on organ systems. Previous studies in dogs with tetanus did not classify complications based on organ systems and therefore direct comparison with our study is not possible. A recent canine tetanus study focussed on respiratory complications which occurred at a rate of 26% (14/53) (12). Lower prevalence of respiratory complications in the present report might be due to the high proportion of dogs with mild to moderate disease, as respiratory complications occurred in dogs with mean Burkitt et al.'s severity score of 3.2 (± 0.6) in the previous study (12) (this study defined Burkitt et al.'s score as continuous variable, which was normally distributed and therefore was reported as mean ± standard deviation). That study reported survival rate of approximately 14% (2/14) in dogs suffering from respiratory problems (12), which is comparable to our study, with only 1/5 dogs (20%) suffering from respiratory complications surviving. This dog was intubated to overcome laryngospasm and received short term ventilation. It was the only dog who received ventilatory support in our cohort and it could be speculated that ventilation might have improved outcome in other patients of respiratory failure. However, in dogs with pneumonia the use of ventilatory support has been associated with poor outcome (12, 49), and the remaining 4 dogs with respiratory complications in our study suffered from pneumonia. Gastrointestinal complications such as obstipation, gastric stasis and functional ileus were also frequent in the present study and were reported in both dogs (1, 2) and humans (32) previously. Some dogs suffered from several complications and fulfilled sepsis criteria (22). As we have classified complications based on affected organs systems, we have not specifically evaluated sepsis as complication. This condition is also difficult to diagnose from retrospective data. It is of note, however, that of dogs fulfilling sepsis criteria (n = 3), none survived. Generally, mortality from sepsis is reported to range from 31 to 100% depending on the number of dysfunctional organ systems (50).

In human medicine, in patients with access to ventilator, the presence of autonomic dysfunction is the main predictor of poor outcome (5, 7). According to Burkitt et al.'s classification scheme (2), dogs with autonomic derangements are automatically assigned to severity Class IV, which in Burkitt et al.'s as well as this study was associated with increased risk of death. Autonomic signs listed by Burkitt et al. include heart rate and blood pressure abnormalities but not body temperature derangements. In human tetanus, raised body temperature is considered a direct result of sympathetic overactivity (51). Therefore, hyperthermia, a clinical sign associated with non-survival in the present study, might in fact represent an autonomic system disturbance, raising the question if hyperthermia should be added onto the list of Class IV autonomic signs in Burkitt et al.'s scheme. On the other hand, the increased temperature might also be the result of tetanic spasms and the inability to loss heat through panting, which is one of the main mechanisms of heat dissipation in dogs. Therefore, hyperthermia might also have resulted from poor control of tetany and insufficient sedation. Irrespective of its cause, hyperthermia was more frequent in non-survivors in this study and in other reports of dogs with tetanus acute hyperthermia was documented to precede death (3, 12, 52).

Regarding autonomic signs, there was a predominance of sympathetic overactivity in the present study (tachycardia), similar to reports of experimental tetanus (53, 54) and some reports of naturally occurring disease (11). However, other studies predominantly found bradyarrhythmias, and episodes of enhanced sympathetic activity only occurred during tetanic spasms (2, 40). The fact that non-survivors in the present study received atropine more often than survivors indicates that bradycardia was present but was less pronounced than required to fulfill Burkitt et al.'s scheme criterion of ≤ 60 beats/min (2). The effect of vagolytic compound atropine might have masked the progression to bradycardic Class IV state in some cases. Taken together, it seems that the presence of autonomic disturbances, irrespective of its direction, indicates poor outcome.

This study has several limitations. The primary limitation is its retrospective design, with missing data and non-standardized treatment strategies and monitoring measures, which were left to the discretion of the attending clinician. In particular, continuous electrocardiogram and blood pressure monitoring were unavailable in many cases, therefore, the incidence of autonomic derangements might have been underestimated. Furthermore, occurrence of bradycardia might have been masked by frequent prophylactic use of atropine. It also needs to be taken into consideration that the present study included dogs referred to a university teaching hospital, which might potentially have introduced a selection bias toward more severe cases. Moreover, this was a single-center study. As treatment decisions and protocols likely differ between different institutions or veterinary practices, the findings might not be transferable to different cohorts of dogs with tetanus, treated at other facilities. However, at least the severity classification scheme of Burkitt et al. (2) seems to be widely applicable. Another important feature of veterinary studies in general is that euthanasia for non-medical reasons might negatively affect outcome, which has also been discussed in previous research of canine tetanus (12, 14). In the study reported here, euthanasia was the cause of death in 6/10 cases, with financial considerations playing a role in 2/6. Furthermore, it is possible, that the small sample size failed to identify a significant difference that actually existed between survival categories. On the other hand, as with all observational studies, it is possible, that associations with a certain treatment measure might have resulted simply from indication for its usage in more severe cases. All conclusions therefore must be interpreted on the grounds of this confounding factor. Another limitation is that only univariable analyses were performed for associations with survival; as such, it is possible that some of the factors found to be associated with survival are not independent survival predictors. However, our data can provide the basis for future prospective, adequately powered studies. These should aim to elucidate the prognostic significance of supraphysiologic magnesium treatment for its sedative sparing effects by using it from severity class II on (generalized tetanus) and of sub-staging Burkitt et al.'s scheme according to presence of hyperthermia, respiratory complications and whether or not dogs are fully grown (< vs. > 2 years of age). Given the low prevalence of tetanus in dogs, this research needs to be set up in a multi-center fashion.

In conclusion, the results of our study suggest, that young dogs, those with a rapid course of disease, those with respiratory complications and those with evidence of autonomic dysfunction are more likely to die of tetanus. Thereby Burkitt et al.'s classification scheme (2) is appropriate for prognostic assessment in its current version. However, modifications (e.g., integration of core temperature and presence of respiratory complications) might further improve its validity.
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Complication ~ Category Non-  Survivors P-value
survivors  No. (%)

No. (%)

Respiratory* No 6(40) 28(97) 0.008
Yes 4(60) 1(3)

Gastrointestinal® No 6(60) 25 (86) 0077
Yes 4(40) 424

Urogenital® No 9(90) 23(79) 0.448
Yes 1(10) 6(21)

Other? No 10 (100) 27 (93) 0394
Yes 0(0) 2(7)

Total 10 (100) 29 (100)

No., number.

*Aspiration pneumonia, laryngospasm.

bDelayed gastric emptying and/or functional ileus, constipation.

<Dysuria, priapism.

dpercutaneous endoscopic gastrostomy (PEG) insertion site infection, tongue trauma due
to trismus.

Bold values denote statistical significance at the P < 0.05 level.
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No. (%)
History of No 4 (40) 26 (81) 0.012
vomiting/regurgitation
Yes 6(60) 6(19)
History of coughing  No 8(80) 22 (69) 0492
Yes 2 (20) 10 (31)
History of No 4(40) 15 (47) 0.703
hypersalivation
Yes 6(60) 17 (53)
Trismus upon No 2(20) 23(72) 0.004
admission
Yes 8(80) 9(28)
BCS upon admission  Ideal 7 (70) 29 (91) 0.116
Underweight 3(30) 2(6)
Overweight 0(0) 1(3)
Rectal temperature ~ Normal 6(60) 29 (91) 0.023
upon admission
Hyperthermia 4 (40) 309
Hypothermia ~ 0/(0) 0(0)
Respiratory rate upon Normal 8(80) 25 (78) 0.900
admission
Tachypnoea 2(20) 7(22)
Bradypnoea 0(0) 0(0)
Heart rate upon Normal 7 (70) 32 (100) 0.001
admission
Tachycardia 3(30) 0(0)
Bradycardia 0(0) 0(0)
Wound location? No wound 3(30) 8 (26) 0.119
Extremities 4(40) 21 (68)
Oral cavity 1(10) 2(6)
Other location 1 (10) 0(0)
Tetanus severity Class [ 0(0) 8(25) 0.001
grading® upon
admission
Class IT 5 (50) 23(72)
Class 111 2(20) 103)
Class IV 3(30) 0(0)
Progression to worse  No 4 (40) 28 (97) <0.001
severity class during
the course of the
disease®®
Yes 6 (60) 1(3)
Total 10 (100) 32 (100)

ody condition score; No., Number.

*Excluding 1 dog with both an oral and a digital wound.

® According to Burkitt et al. (2).

“Excluding 3 dogs treated on an outpatient basis.

Bold values denote statistical significance at the P < 0.05 level.
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survivors  No. (%)
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Surgical wound No 5(50) 22 (69) 0.280
debridement
Yes 5(50) 10 (31)
Metronidazole No 3(30) 8(25) 0.754
Yes 7(70) 24 (75)
Amoxicillin- No 2(20) 16 (50) 0.094
Clavulanate
Yes 8 (80) 16 (50)
Ampicillin No 8 (80) 28 (88) 0554
Yes 2(20) 4(13)
Fluroquinolones® No 8(80) 29 91 0.365
Yes 2(20) 309)
Antibiotic other than  No 8 (80) 25 (78) 0.900
metronidazole only
Yes 2(20) 7(22)
Benzodiazepines® No 1(10) 7(22) 0.404
Yes 9(90) 25(78)
Acepromazine No 1(10) 20 (63) 0.004
Yes 9(90) 12 (38)
Barbiturates® No 6(60) 30 (94) 0.008
Yes 4(40) 2(6)
Sedatives® 0 1(10) 5(16) 0.106
1 0(0) 8(25)
2 1(10) 7(22)
>3 8(80) 12 (38)
Methocarbamol No 4(40) 16 (50) 0.580
Yes 6(60) 16 (50)
Magnesium No 1(10) 8(25) 0313
Yes 9(90) 24(75)
Atropine No 2(20) 21 (66) 0.008
Yes 8(80) 10 (31)
Antitoxin® No 4(40) 12 (38) 1
Yes 6 (60) 18 (56)
Tube feeding’ No 2(20) 16 (50) 0.094
Yes 8(80) 16 (50)
Total 10 (100) 32(100)

Treatments are listed as recorded in the patient management system, irrespective of
indication for their use.

No., Number.

*Enrofloxacin or Marbofloxacin.

> Midazolam, Diazepam or Tetrazepam.

¢Phenobarbital or Pentobarbital.

dBenzodiazepines, Barbiturates, Acepromazine or Butorphanol.

“Humane or equine immunoglobulin, administered prior to or in the course
of hospitalization.

Nasogastric,tube, esophagostomy tube or percutaneous endoscopic gastrostomy
(PEG) tube.

Bold values denote statistical significance at the P < 0.05 level.
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Variable Category Non-survivors Survivors  P-value

No. (%) No. (%)
Age(y) <2 6 (60) 7(22) 0.023
>2 4 (40) 25(78)
Gender Female 7(70) 14 (44) 0.147
Male 3(30) 18 (56)
Neutering Entire 6 (60) 16 (50) 0.580
status Neutered 4 (40) 16 (50)
Total 10 (100) 32 (100)

No., Number; y, years.
Bold values denote statistical significance at the P < 0.05 level.
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