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Background: Small-bore wire-guided thoracostomy tubes (SBWGTT) are commonly used in small animals for management of pleural space disease. We aimed to evaluate the indications, placement locations, types of complications, and complication rate of small-bore wire-guided thoracostomy tube placements in dogs and cats in a university setting.

Methods: Electronic medical records of patients that underwent SBWGTT placement were reviewed. Signalment, disease, outcome, indication for thoracostomy tube, placement location, number of attempts, diagnostic imaging, number, and type (insertional, technical, and infectious) of complications were recorded. Logistic regression analysis was performed to determine risk factors for complications.

Results: A hundred fifty-six cases were identified between 2007 and 2019. Traumatic pneumothorax (33%), pyothorax (25%), and spontaneous pneumothorax (16%) were the most common indications for placement of a SBWGTT. Complications developed in 50 cases (32%). Technical and insertional complications accounted for 21.7% and 14.1% of all cases. Infectious complications were rare with 3.1% of all cases. Pneumothorax (19%), soft tissue swelling at insertion site (14%), and kinking of the chest tube (13%) were most common. Accidental lung perforation was reported in 5/50 complications (7%). Multiple chest tube placement attempts were associated with complications (OR = 6.01 CI: 2.13 to 16.93 p = 0.0007).

Conclusions: Complications of SBWGTT placement occurred in one third of cases. Serious complications such as accidental lung perforation was reported in two cases. Complications were associated with number of attempts.

Keywords: pneumothorax, pleural space disease, pyothorax, Seldinger, chest tube


INTRODUCTION

Thoracostomy tubes are commonly used in small animals for the management of pleural space disease, either prophylactically following thoracotomy or therapeutically. Therapeutic thoracostomy chest tube placement is usually indicated when multiple needle thoracenteses are required to alleviate the patient's respiratory compromise due to accumulation of fluid or air within the pleural space. Thoracocentesis is associated with some complications, and chest tube placement may be advantageous for patient comfort or decreased sedation/anesthesia risks (1–3). In veterinary medicine, the most commonly used thoracostomy tubes include the traditional trocar type, small-bore wire-guided thoracostomy tubes (SBWGTT), and recently Jackson Pratt thoracostomy drains (4–6). The larger-bore trocar types have traditionally been used for the drainage of dense and thick material from the pleural space (7). Placement requires general anesthesia, and substantial training is required prior to first insertion. Their use is associated with complication rates in humans ranging from 5 to 35% (8–10) and from 44 to 58% in veterinary patients (6, 11–13). Reported complications in veterinary patients include vessel laceration, pneumothorax, lung puncture, pain, fluid leakage from insertion site, and failure to drain due to tube failure (6, 11–14). For the past decade, SBWGTT have gained in popularity as they are easier to place, do not require general anesthesia, and are thought to be less painful. Complications are reportedly rare with obstruction, mispositioning, kinking, and accidental removal by the animal being described (6, 15). In human medicine, there is controversy about the use of small-bore chest tubes for treatment of pyothoraces with the concern that highly viscous fluid could clog the tube (8, 9, 16). However, a canine cadaver study showed no difference in removal of air or low- or high-viscosity fluid between large- and small-bore thoracostomy tubes (17). This further confirms clinical reports of successful management of pyothorax in dogs and cats with SBWGTT (7, 15). Despite the wide use of SBWGTT in dogs and cats for the last decade, limited information exists about associated indications and complications. Our goal was to evaluate the indications, placement locations, types of complications, and complication rate for SBWGTT placements in dogs and cats in a university setting.



MATERIALS AND METHODS


Data Collection

This was a retrospective observational study. Electronic medical records (EMR) were searched for billing fees for SBWGTT and/or thoracostomy placement between January 1, 2007, and December 31, 2019, and reviewed. SBWGTT were introduced to our tertiary referral teaching hospital in 2007. Only SBWGTT placed percutaneously using the modified Seldinger technique were included; SBWGTT chest tubes placed intraoperatively were excluded. Data, including signalment, disease, outcome, indication for thoracostomy tube, placement location, number of attempts, use of sedation or general anesthesia for placement, diagnostic imaging performed to assess chest tube placement, number and type of complications, and clinician involved in placement, were recorded (JF, AB, LW, MB) and then reviewed by a single author for uniformity (TBW). Outcome was recorded as alive at discharge, died, or euthanized. Clinicians involved in placement were categorized into two groups: emergency and critical care (ECC) clinician (specialty ECC intern, ECC resident, or ECC faculty), and non-ECC clinician (all other clinicians, including small animal rotating interns and residents from the following specialties: anesthesia, cardiology, internal medicine, surgery, and oncology).

Diagnostic imaging reports were assessed for evidence of complications. Reports from thoracic radiographs and computed tomography scans were reviewed for mention of complications associated with thoracostomy tube placement. In addition, when available, images were reviewed by TBW for assessment of accuracy in thoracostomy tube placement. Appropriate thoracostomy tube placement was determined based on anatomical positioning of the chest tube as depicted in Figure 1. Ideal thoracostomy tube placement was defined as placement of the tip of the chest tube cranial to the third intercostal space and ventral to the trachea. Bilateral chest tube placements were considered appropriate only if both were placed correctly.


[image: Figure 1]
FIGURE 1. (A) Example of ideal chest tube placement. Left lateral radiograph of a canine thorax showing the presence of two SBWGTT in the pleural space. This patient was under anesthesia and intubated; an endotracheal tube can be seen in the trachea. A radio-opaque catheter can been seen in the jugular. Increased soft tissue opacity of the pulmonary field and pleural effusion are also seen. (B) Assessment of SBWGTT placement accuracy. Zone 1 or ideal placement zone: between cranial-most aspect of the thoracic cavity and caudal edge of the third rib, ventral to the trachea. Zone 2: not ideal placement zone from the caudal edge of third rib to the diaphragm.


The number of placement attempts was recorded for each patient. Each placement was considered one attempt; therefore, animals with bilateral thoracostomy tubes were noted to have a minimum of two attempts. Complications were recorded and assigned to one of the three following categories: insertional, technical, or infectious. Insertional complications include intraparenchymal lung placement, chest wall trauma, pneumothorax, and pneumomediastinum. Technical complications include thoracostomy tubes kinking, accidental disconnection or dislodgement, tube leakage, tube migration, subcutaneous emphysema, and soft tissue swelling at the insertion site. Infectious complications include discharge, abscess, or cellulitis at the insertion site.

The same brand of SBWGTT was used for the duration of the study (MILA International, Inc. guidewire inserted chest tube 14 and 12 Ga). Indications, need for sedation, local and/or general anesthesia, placement technique (including type of suture and pattern used to secure the tubes), diagnostic imaging test, and patient management (including use of bandage over the SBWGTT, medications, frequency of SBWGTT checks and drainage) were at the attending clinician's discretion. Placement technique was not standardized, and variations may have occurred. In addition, a dilator was added to the guidewire insertion kit after a few years, and its use was also not standardized or consistently recorded in the EMR.



Statistical Analysis

Data were assessed for normal distribution with the Shapiro Wilk test. Descriptive statistics (mean and standard deviation for normally distributed data and median and range for data that were not normally distributed) were reported for the following continuous variables: age, body weight, length of hospitalization, and vital parameters (heart rate, respiratory rate, and temperature). Continuous variables were compared between species using unpaired Student's t-test or the Mann–Whitney U test. Relative frequencies of categorical data (outcome, indication, placement side, type of imaging modality used to determine placement of the thoracostomy tube, complication type, clinician group involved in placement) were compared using Fisher's exact test or chi-squared test. Complication rate, distribution of complication types, and number of attempts were compared between species using chi-squared likelihood ratio. Complication types (technical, insertional, and infectious) were compared between species and between them using Friedman ANOVA. When more than one type of complication was present, the case was counted in all applicable complication categories. Post-hoc Bonferroni corrections were applied to account for multiple comparisons. Logistic regression analysis was performed to determine risk factors for the presence of any complication. The following variables were initially included in the model: species, use of general anesthesia, age at the time of chest tube placement, body weight, indication (pneumothorax vs. others), placement side where three binary variables were used (left, right, and both left and right), and the group of the clinician placing the chest tube (ECC vs. non-ECC). Alpha was set at 0.05. Only variables with p < 0.05 were included in the final model. All analyses were conducted using commercial software (IBM Corp. Released 2020. IBM SPSS Statistics for Macintosh, Version 27.0. Armonk, NY: IBM Corp).

Given the retrospective nature of the study, an institutional animal care and use committee waived the need for approval. Owners gave informed consent for placement of thoracostomy tube placement at the time of hospitalization.




RESULTS

EMRs identified 185 cases with the corresponding billing fee associated with SBWGTT and/or thoracostomy tube placement. Of those, 20 cases were excluded as no records that SBWGTT had been placed were found in the EMR, and nine were excluded because the tubes were placed intraoperatively during thoracic surgery. Following review, 156 cases were available for data analysis.


Characteristics of Animals With Small Bore Thoracostomy Tube

Thirty-three cats and 123 dogs had SBWGTT placed during the study period. Bilateral tubes were placed in 84/156 cases. Descriptive statistics are shown in Table 1. Naturally, cats were significantly lighter than dogs and had elevated heart rates compared with dogs. There was no difference in complication rate between dogs (31.1%) and cats (36.4%); Chi-squared likelihood ratio p = 0.598.


Table 1. Case population characteristics.
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Indications

As described in Table 2, traumatic pneumothorax 51/156 (33%), pyothorax 39/156 (25%), and spontaneous pneumothorax 25/ 156 (16%) were the most common indications for placement of a SBWGTT. Indications for thoracostomy tube placement were significantly different between species (chi-squared likelihood ratio <0.001). The majority of the SBWGTT were placed for management of pyothorax in cats (51.5% in cats vs. 19.5% in dogs, p = 0.00022). Pneumothorax was the most frequent indication for placement of SBWGTT in dogs (63.4 vs. 21.2% in cats, p = 0.00002). Sedation was used in 88/156 (54%) of the cases, general anesthesia in 45/156 (22%), and a combination of both was used in 12/156 (20%) and did not differ between species. There was no difference with regards to on which side the thoracostomy tubes were placed between species (Pearson chi-squared p = 0.568) with the majority of cases (54.9%) having bilateral thoracostomy tubes placed.


Table 2. Indications for placement of small-bore guide-wire chest tubes.
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Placement of Small-Bore Wire-Guided Thoracostomy Tubes

ECC clinicians placed the majority of chest tubes (64% of SBWGTT), but the proportion of type of clinician placing the tubes was not different between species (ECC clinicians placed 63% in dogs vs. 67.7% in cats, chi-squared p = 0.62). There was no difference in the number of complications observed between species (chi-squared likelihood ratio p = 0.344) as shown in Table 3.


Table 3. Characteristics of small-bore guide-wire chest tube placement and complications.
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There was no difference between species in the type of diagnostic imaging performed before and after placement of thoracostomy tubes. Thoracic radiographs were obtained prior to SBWGTT placement in 76/123 (61.8%) dogs and 16/33 (48.5%) cats (Fisher's exact test p = 0.231). Following placement of SBWGTT, radiographs were obtained in 97/123 (78.9%) dogs and 24/33 (72.7%) cats (Fisher's exact test p = 0.484). Computed tomography (CT) scans were obtained in 58/123 (47.2%) and (10/33) cats (30.3%) (Fisher's exact test p = 0.113) and 6/33 (18.2%) cats and 45/123 (36.6%) dogs had both modalities following thoracostomy tube placement (Pearson Chi-squared p = 0.131).

Radiographic review of placement accuracy was available in 132 patients with 180 chest tube placements. Ideal placement was achieved in 76/180 (42%) of the placements overall. SBWGTT placed by ECC clinicians were more likely to be accurately placed (56/109 = 51.4%) than SBWGTT placed by non-ECC clinicians (20/71 = 28.2%, chi-squared test p = 0.0021) (Figure 2).


[image: Figure 2]
FIGURE 2. Level of clinician experience vs. accuracy of chest tube placement. *Denotes p < 0.005.


Number of placement attempts was recorded in 142 cases with a median of 2 (1–4) attempts per thoracostomy tube placement. There was no difference in the number of attempts per tube between species (chi-squared likelihood ratio p = 0.137). Complications developed in 50 cases (32%), with similar frequencies between dogs (38/126 = 31.1%) and cats (12/33 = 36.4%, Fisher's exact test, p = 0.675. Overall technical complications (21.7%) were more frequent than insertional complications (14.1%) (Friedman ANOVA with Bonferroni correction p = 0.016) and were significantly more frequent than infectious complications (3.1%) (Friedman ANOVA with Bonferroni correction p < 0.001). Insertional complications were also more frequent than infectious complications (Friedman ANOVA with Bonferroni correction p = 0.002) as described in Table 4. Complications included pneumothorax 13/50 (19%), soft tissue swelling at insertion site 10/50 (14%), kinking of the thoracostomy tubes 9/50 (13%), subcutaneous emphysema 8/50 (12%), disconnection of the tube 8/50 (12%), placement and/or migration into the thoracic wall 4/50 (6%), pulmonary contusions attributed to thoracostomy tube placement 3/50 (4%), discharge at the insertion site 3/50 (4%), lung perforation requiring lobectomy 2/50 (3%), pneumomediastinum 2/50 (3%), leakage of the thoracostomy tubes 2/50 (3%), and others (3%).


Table 4. Types of complications of small-bore guide-wire chest tube placement.
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Logistic regression analysis showed that of species, use of general anesthesia, age at the time of chest tube placement, body weight, indication (pneumothorax vs. others), placement side, and the type of clinician placing the chest tube (ECC vs. non-ECC), the only risk factors associated with development of a complication was more than two SBWGTT placement attempts (OR = 6.01, 95% CI: 2.13–16.93 p = 0.0007).




DISCUSSION

To our knowledge, this is the first large retrospective review of complications associated with placement of SBWGTT in small animals. Although thought to be safer than trocar-type chest tubes, one third of the cases in this study had some type of complication. Complications are previously reported with intraoperative placement of trocar-type thoracostomy tubes and Jackson-Pratt thoracic drains (6) with leaks and tube breakage being most prevalent. Complications associated with placement of SBWGTT are previously reported in small case series. Similar to the findings in this study, Vatolina et al. (15) describes technical issues, such as kinking, mispositioning, and removal by animals. Those issues may be related to the suturing technique and pattern used to secure the chest tube to the patient. This can cause local irritation due to increased pulling and tugging of the thoracostomy tubes and kinking associated with either position on the chest when not in use, or the weight of the tubing with continuous suction devices attached. The design of specific thoracic shirts to secure tubes close to the body wall may decrease the risk associated with excessive motion and incidence of those complications. The use of an Elizabethan collar is recommended to decrease the risk of the patient removing the chest tube. Unlike the previous report, we found five serious complications with the use of SBWGTT (pulmonary contusions in three and lung trauma in two). One case died prior to surgery due to development of septic shock and the second required a lung lobectomy of the perforated lung lobe. Accidental lung perforation with the insertion of the SBWGTT is not previously reported in the previous literature in veterinary medicine (6, 7, 15). Accidental lung laceration associated with placement of thoracostomy tubes is reported in human medicine (18–20). In adults, lung perforation is reported with the use of trocar-type thoracostomy tubes (18–20) and in infants with pigtail-type thoracostomy tubes (21, 22) and ranges from 7 to 11% of cases (20, 23). Our large sample size may have permitted identification of this previously unreported serious but rare complication. The two cases of lung perforation reported in this study (one dog and one cat) were being treated for pyothorax, and the one taken to surgery for lung lobectomy had severe adhesions of the lung to the parietal pleura. Presence of adhesions close to the insertion site of the thoracostomy tube were found at autopsy in a case series of humans who had lung perforation with SBWGTT (19). Presence of adhesions secondary in inflammation in our pyothorax cases may have led to the lung lobe perforations in the cases reported here.

Identification of lung perforation by thoracostomy tubes using diagnostic imaging is challenging and often goes undetected on radiographs (18, 20, 24, 25). CT may provide better information as to the location of the chest tube and whether or not it is placed within the lung parenchyma (25). CT scans were done in only 43% of the cases reported in our study. Hence, our current findings may underestimate the true prevalence of intrapulmonary placement of SBWGTT as we relied on review of imaging and surgical reports to identify complications. Additionally, animals may not exhibit any worsening of respiratory distress or clinical signs of lung injury, so lung perforation may go undiagnosed. These findings are similar to findings in humans, in which patients do not always exhibit clinical signs associated with lung perforation, and the diagnosis of lung perforation is often made on autopsy (19, 21).

Pneumothorax was the most common complication reported with the use and insertion of SBWGTT overall. Our results concur with previously published reports in which no insertional complications were reported (6, 7, 15). Similarly, in human medicine, pneumothorax is associated with the placement and use of trocar-type thoracostomy tubes (26). Pneumothorax secondary to placement of SBWGTT could be due to accidental insertion of air within the thoracic cavity during placement and connection to the suction device. A small laceration to the lung parenchyma caused by the catheter or guide wire is also a possible explanation. Given the retrospective nature of our study, we were not able to determine which specific interventions were required to manage the pneumothoraces detected following placement of the chest tubes. In humans, no specific interventions other than clinical monitoring are recommended unless there is evidence of respiratory compromise or large volumes are being evacuated from the thoracotomy tube (24).

Infectious complications were the least frequent complications encountered in our study population. No empyema was reported. Development of empyema occurs in 1–25% of humans with various types of thoracostomy tubes (24). At our institution, SBWGTT are placed using an aseptic technique. Similarly, management of the thoracostomy tubes is done using sterile gloves, gauze, and syringes. Prophylactic antimicrobial therapy is not employed in patients with chest tubes other than cases diagnosed with pyothorax. Insertion site infections were reported in five cases overall. We were not able to identify the cause of the insertion site infections due to the retrospective nature of this study.

Unsurprisingly, complications were six times as likely (95% CI: 2.13–16.93) with two or more attempts at tube placement compared with tubes placed successfully on the first attempt. In humans, multimodal interventions, including use of checklists, ultrasound guidance for chest tube insertion, direct supervision of junior clinicians, and standardization of procedures are shown to successfully decrease complication rates for all types of thoracostomy tube placement (26, 27). Similar approaches in veterinary medicine could reduce the risk of complications by reducing the likelihood of multiple attempts at tube placement. Cats were not more likely to develop complications than dogs. This is consistent with the recent case series from Del Magno (7) in which the use of SBWGTT in feline pyothorax was shown to be effective and safe. Interestingly, logistic regression analysis showed that patients whose thoracostomy tubes were placed by ECC clinicians (who placed most of the chest tubes) did not have a decreased risk of complications. The positive effect of training, whether in a wet lab, use of simulators, or advancement through a residency program is well documented (28–30). Our study was possibly underpowered to detect a training or experience effect. Additionally, it is possible that, while non-ECC clinicians were the primary clinicians involved in thoracostomy tube placement, ECC clinicians may have assisted with the procedures. However, SBWGTT placed by ECC clinicians were more often accurately placed compared with those placed by non ECC clinicians. This could be an effect of placement technique and training. Due to its retrospective nature, we could not determine whether proper positioning assessed by radiograph corresponded to proper thoracostomy tube function. For instance, it is plausible that a more dorsal thoracostomy tube placement might allow for improved drainage of pneumothoraxes compared with the traditional cranio-ventral placement.

Use of sedation did not increase the risk of complications compared with the use of general anesthesia. This result is surprising as patients under general anesthesia are less likely to move from the discomfort of chest tube placement and/or suturing. General anesthesia may have been conducted in lieu of sedation for diagnostic imaging purposes, where SBWGTT were placed prior to CT or surgery. In addition, general anesthesia may have been performed based on the clinician's evaluation of the patient's stability and respiratory compromise, and perhaps more compromised patients who were less likely to move during the procedure were more likely to be sedated rather than anesthetized.

Our study had several limitations. Although a single author reviewed all medical records and diagnostic imaging, it is possible that some complications were not correctly reported, and therefore, our complication rate may be underestimated. Additionally, we were not able to review dwell time of thoracostomy tubes or efficiency of drainage or incidence of obstruction of the tubes. Numerous clinicians were involved in thoracostomy tube placement. Aside from the use of a sterile technique, there is not a standard operating procedure with regards to placement of SBWGTT in our institution. Specifically, the use of a small surgical blade to nick the skin at the insertion site or the use of the dilator is not standardized. Given that minor subcutaneous emphysema and swelling at the insertion site were common complications, standardization of the technique may have affected those results. At our institution, all small animal rotating interns undergo cadaver training on proper placement of SBWGTT.

In this cohort of dogs and cats, we found a 32% complication rate from placement of small-bore guide-wire thoracostomy tubes. Technical complications, such as soft tissue swelling at the insertion site, kinking of the thoracostomy tube, subcutaneous emphysema, and disconnection of the tube, were the most frequent. More importantly, insertional complications, such as small volume pneumothorax, lung perforation, and pneumomediastinum, occurred in 14% of cases with complications. Further studies are warranted to investigate interventions, such as the use of standardized techniques, including checklists, ultrasound guidance, and postprocedure bandaging to decrease complications and the associated morbidity in the future.
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